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Qeicher 24, 2008

Ms. Carole Davis

Co-Executive Secretary of the Dictary Guidelines Advisory Committee
Center for Nutrition Policy and Promotion

U.S. Department of Agriculture

3101 Park Center Drive, Room 1034

Alexandria, VA 22302

Dear Ms. Davis:

The Comn Refiners Association, on behalf of its members, is pleased to submit the following peer-
reviewed research on high fructose corn syrup in response to the Dietary Guidelines Advisory
Committee’s Solicitation of Written Comments as published in the October 14, 2008, Federal Register
{vol. 73, no. 199, pp. 60672-60673).

General Information Regarding High Fructose Corn Syrup

61 Federad Register 43447 (August 23, 1996), 21 C.F.R. 184.1866. Direct Food Substances Affirmed
as Generally Recognized as Safe; High Fructose Corn Syrup ~ Final Rule.

53 Federal Register 44904 (November 7, 1988), 21 C.F.R. 182.1866. Proposed Affirmation of GRAS
Status of High Fructose Corn Syrup — Proposed Rule.

48 Federal Register 5716 (Feb 8, 1983), 21 C.F.R. 182.1866. Substances Generally Recognized as
Safe; High Fructose Corn Syrup and Insoluble Glucose Isomerase Enzyme Preparations-Final Rule.

Coulston, A.M. and Johnson, R.K. 2002. Sugar and Sugars: Myths and realties. Jowrnal of the
American Dietetic Association. 102(3):351-353.

Hanover, L.M. and White, J.S. 1993 Manufacturing, composition, and applications of fructose.
American Journal of Clinical Nutrition 58(suppl 5):7245-73285.

Hein, G.L., Storey M.L., White, J.S., and Lineback, D.R. 2005. Highs and Lows of High Fructose
Corn Syrup: A Report From the Center for Food and Nutrition Policy and Its Ceres® Workshop.
Nutrition Today 40(6):253-256, November/December 2005,

Schorin, M.D. 2005, High Fructose Corn Syrups, Part 1: Composition, Consumption, and Metabolism.
Nutrition Today 40(6): 248-252, November/December 2005,

Schorin, M.D. 2005. High Fructose Corn Syrups, Part 2: Health Effects. Nutrition Today 41(2):70-77,
March/Agpril 2006,
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White, 1.S. 2008, Straight talk about high-fructose corn syrup: what it is and what it ain’t. American
Jowrnal of Clinical Nutrition §8(suppl): in press.

High Fructose Com Syrup and Metabolism

Lowndes, J., Zuckley, L.M., Nguyen, V., Angelopoulos, T.J., and Rippe, I.M. June 2007, The Effect
of High-Fructose Corn Syrup on Uric Acid Levels in Normal Weight Women. Presented at the annual
meeting of the Endocrine Society June 2-5, 2007, Program Abstract #P2-45.

Melanson, K.J.,, Zuckley, L., Lowndes J., Nguyen, V., Angelopouios, T.J., and Rippe, J.M. 2007.
Effects of high-fructose corn syrup and sucrose consumption on circulating glucose, insulin, leptin,
and ghrelin and on appetite in normal-weight women. Nutrition 23:103-112.

Zuckley, L.M., Lowndes, J., Melanson, K.J., Nguyen, V., Angelopoulos, T.J., and Rippe, J.M. June
2007. The Effect of High Fructose Corn Syrup on Post-Prandial Lipemia in Normal Weight Females.
Presented at the June 2007 Meeting of The Fndocrine Society. Program Abstract #P2-46,

Hich Fructose Corn Syrup and Satiety

Akhavan, T. and Anderson, G.H. 2007. Effects of glucose-to-fructose ratios in solutions on subjective
satiety, food intake, and satiety hormones in young men. American Journal of Clinical Nutrition
86:1354-1363.

Almiron-Roig, F. and Drewnowski, A. September 2003. Hunger, thirst, and energy intakes following
consumption of caloric beverages. Physiology & Behavior 79 (4-5y.767-773.

Melanson, K.J., Angelopoulos, T.J., Nguyen, V., Zukley L., Lowndes ., and Rippe, J.M. 2008. High-
fructose corn syrup, energy intake, and appetite regulation. American Journal of Clinical Nutrition
12(suppl): in press.

Soenen, S. and Westerterp-Plantenga, M.S. 2007, No differences in satiety of energy intake after high-
fructose corn syrup, sucrose, or milk preloads. American Journal of Clinical Nutrition 86(1).1586-
1594,

High Fructose Corn Svrup and Sugar

Monsivais P., Perrigue, M.M., and Drewnowski, A, 2007. Sugars and satiety: does the type of
sweetener make a difference? American Journal of Clinical Nutrition 86:116-123.

High Fructose Corn Syrup and Weicht Gain

Forshee, R.A., Storey, M.L., Allison, D.B., Glinsmann, W.H., Hein, G.I.., Lineback, D.R., Mille,
S.A., Nicklas, T.A., Weaver, G.A., and White, J.S. 2007, A Critical Examination of the Evidence

. Relating High Fructose Corn Syrup and Weight Gain. Critical Reviews in Food Science and Nutrition
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Sun, S.7Z. and Empie, M.W. 2007. Lack of findings for the association between obesity risk and usual
sugar-sweetened beverage consumption in adults — A primary analysis of databases of CSFII-1989-
1991, CSFII-1994-1998, NHANES [I1, and combined NHANES 1999-2002. Food Chemical
Toxicology 45(8):1523-1536.

Miscellaneous High Fructose Corn Syrup Research

Skoog, S.M., Bharucha, AE., and Zinsmeister, A.R. May 2008, Comparison of breath testing with
fructose and high fructose corn syrups in health and IBS. Newrogastroenterology & Motility 20(5)
505-511.

Wheeler, M.L. and Pi-Sunyer, ¥, Xavier. April 2008. Carbohydrate Issues: Type and Amount.
Journal of the American Dietetic Association108 (4)(suppl): S34-839,

We hope this research will be helpful as you consider the 2010 Dietary Guidelines.

We also wish to draw your attention to two important determinations made about high fructose comn
syrup in 2008;

o In June, the American Medical Association concluded after a year-long study, “high
fructose syrup does not appear to contribute to obesity more than other caloric sweeteners.”
American Medical Association press release, June 17, 2008,

¢ InJuly, the U.S. Food and Drug Administration clarified its position regarding use of the term
‘natural’ for products sweetened with high fructose corn syrup. The Food and Drug
Administration stated, referring to a process commonly used by the com refining industry, that
it “would not object to the use of the term ‘natural’ in a product containing HFCS produced by
[that] manufacturing process.” Geraldine A. June, Supervisor, Preduct Evaluation and
Labeling Team, Center for Food Safety and Applied Nutrition {Letter to Corn Refiners
Association, July 3, 2008).

Please do not hesitate to contact me at {202) 331-1634 or at aerickson@corm.org should you have any
questions concerning the enclosed research.

Sincerely,
Audrze Erickson

President

Fnclosures
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| sniacks can proj
. 'sugar alcohol [na
" sweeten this food ipay reduce the risk

_and starches promiotes?

L (i) May reduce the risk of tth_

' Wiltiam K. Hubbard,
.. Coobrdination.’ . .

"o BULLING CODE 4180-01-F

| SUMMARY:

43447

\(3) The claim may indicate that oral

“whriene and proper dental care may

eI} to reduce the risk of dental disease.

" (4KThe claim may indicate that the
sugar {icohol serves as a sweetener.

(6) Mpdel health claim. The following
r Yealth claims may be used in-
food labeyjng to describe the
relatjoniship between sugar alcoho!-
¢ontaining Jpods and dental caries.

(1) Bxampl of the full claim:

(i} Frequenheating of foods high in
ches as between-meal
Note tooth decay. The -
e, optional] used.to -

\high in sugars.
ooth decay. The
sugar alcohols in [name'pf food} do not
promote tooth decay. .\ T

| - (2) Example of the shortgned claim for
stnall packages: . '

(i) Does not promote toottd 8cay.

decay. . -
' Dated: August 16,1996, .

‘Associate Commissioner for Policy. -

'§R Doc, 86-21481 Filed 8-20-96; 8:53

. 2{-CFRParts 182and 184
 Docket No. 8EN~0548] -

‘ bireét“Fdoii i,Sul:iéf""i\‘m:es‘ Affirmed as

Generally Recognized as Safe; High
Fructose Corn Syrup

AGENCY: Food and Drig Administration,
HHS. _

ACTION: Final rule.

Adminisumaﬂgﬁf‘g Diitgding its
regulations for substances that are
generally recognized as safe (GRAS) to
affirm that high fructase corn syrup
(HECS), prepared from high dextrose
-equivalent corn starch hydrolysate by
partial enizymatic conversion of glucose

DR | Federal Register / Vol. 61, No. 165 / Friday, August 23, 1996 / Rules and Regulations

{dextrose) to fructose utilizing one of
several glucose isornerase enzyme .

preparations, is GRAS as a direct ‘human

food ingredient. This action is in
response to six petitions filed by
members of the food industry.”

DATES: Effective August 23, 1998. The B

Director of the Office of the Federal

. Register approves the incerporation by -

reference in accordance with 5U.S.C.

 552(a) and 1-CFR part 51 of a certain

publication in 21 CFR 184.1866;

 effective August 23, 1986

FOR FURTHER INFORMATION CONTACT:
James C. Wallwork, Center for Food
Safety and Applied Nuirition (HFS-
217), Food and Drug Administration, -

© 200 C St. SW., Washington, DC 20204~
0001, 202-418-3078. L

SUPPLEMENTARY INFORMATION:
1. Background '

.'Int the Federal LReg.is_ter- of February .8,‘
1983 (48 FR 5716), FDA published a

document that listed HFCS as GRAS for -
_use in food (§ 182.1866 (2L CFR .
_ 182.1866)) and also affirmed that certain
insoluble glucose isomerase enzyme o

preparations are GRAS for use in the.

manufacture of HFCS§ 184.1372 (2t
CFR184.1372)) {hereinafter referred to

' as the 1983 final rule). The agency
. published this final rule in response to
‘six industry petitions that requested -

GRAS affirmation for certain insoluble .

- glucose isomerase enzyme preparations.

used to make HFCS and forthe
manufactured product itself. =

The basis for listing HFCS in 21 CFR |

part 182 was that HFCS is made'with
enzyme preparations that FDA has
affirmed as GRAS; the saccharide . -

composition {glucose t(a—ffuretése ratic)

of HFCS is approximately the same as -

that of honey, invert sugar, and the
disaccharide sucrose; and the minor

" components {primarily higher

saccharides of glucose) of HFCS are also
found at similar Jevels in com syrup
and corn sugar which are already on the
GRAS list, Therefore, FDA concluded

that it was appropriate to list HFCS as

CRAS for use in food while the agency
fully evaluated it during the :

comprehensive safety review of com
sugar, COIN Syrup, invert sugar, and
SUCTOSE. A

In the 1083 final rule, the agency gave
notice to all interested parties that when

the agency completed its comprehensive

safety review of comn sugar {dextrose),
corn syrup, invert sugar, and sucrose, it

- would examine the data on these

substances to determine whether those
data provide an adequate basis to affirm .
that HFCS is GRAS: In the Federal -
Register of November 7, 1988 (53 FR
44862), the agency published a final :
rule affirming that the use of corn sugar,
coER syrup, invert Sugar, and sucrose in

" food is GRAS. :

1. The Safety Reyia}# of High Frﬁ&osé

- Corn Syrup

In the Federal Register of November

7,198 (53 FR 44904), FDA-proposed to-
-affirm that the use of HFCS in foodis

GRAS {herpinafier referred to as the

1988 HECS proposal). Included in the

1988 HFCS proposal was the agency's:
(1) Evalaation of the data contained in
the petitions and of their relationship to

- the safety of HFCS; (2) discussion of the'
““relevancy of reports by the Select
" Commitiee on GRAS Substances of the

Federation of American Societies for -
Experimental Biology entitled
“Evaluation-of the Healthi Aspects of
Corn Sugar (Dextrose), Carn Syrup, and
Invert Sugar as Food Ingredients’™ (Ref.

" 1) and “Evaluation of the Health

Aspects of Sucrose as.a Food
Ingredient” (Ref. 2 to the safety

;assessment of HFCS; and (3) discussion

of the relevancy of FDA’s Sugars Task
Force Report “Evaluation of the Health
Aspects of Sugars Contained in .
Carbohydrate Sweeteners’' .(Ref. 3) to the

safety evaluation of HFCS.

The agency made it clear during its

,safety evaluation of corn sugar, com

syrup, invert sugar, and sucrose that {ts
exposure estimate for HFCS included.
exposure to HFCS containing 55 percent
fructose (HFCS-55) (Ref.3). '

* Furthermore, FDA noted that most of

the components found in HFCS
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than 85.0 percent total saccharides (dry
veight), of which nat less than 55.0 percent
onsists of fructose {dry weight), not less

than 65.0 percent consists of

monosaccharides, and not mare than 5.0

percent {dry weight) of other saccharides.

- Arsenic {as As), not more than 1 milligram
per kilogram. Color, within the range -
specified.by the vendor. Heavy metals {as

‘Ph). not more than 5 milligrams per kilogram.

Lead, not more than 0.1 milligram per -
kilogram. Sulfur dioxide, not morethan
0.003.percent. Total solids, 42 percent high
fructose corm syrup: not less than 70.5
percent. 55 Percent high fructose corn syrup:
.niot less than 76.5 percent.” . .
This information is similar to that
published in Food Chemicals Codex,
4thed., p. 191 (1996), in the monograph
entitled “‘High-Fructose Corn Syrup.”
FDA has reviewed the comments and
acknowledges that the item of
. commerce is HFCS-42. The agency
" agrees with the identity and

.. specifications recommended by the

 latter comment for HECS (HFCS-42 or
HFCS-43). FDA concludes that the -
identity and specifications that it-is
- adopting are adequate to ensure that the
public health is protected. = .
The agency also has reviewed the
comsments from the three trade -
associations requesting the inclusion of
HFCS-55 in the final rule. FDA notes
qat the comments provided detailed
information on the manufacture of
 HFCS-55, including information on
processing aids and residues of these
materials in the final product. In
addition, the corments provided
* information an the identity of, and

" specifications for, the HFCS-55 product.'

FDA concludes that the

- manufacturing process for HFCS-35
does not raise any safety concerns, and-
_ that the residues of the processing
materials in this product are safe,
because HFCS-55 is prepared from
HFCS-42 using standard techniques. In
addition, as noted earlier in this final
rule, the agency has determined that the
safety evaluation of the major
components in HFC5-42 is also
applicable to HFCS-55. Thus, FDA
finds that information provided by the
comments is sufficient for the agency to
include HFCS-55 in the final rule.
Accordingly FDA has modified the final
rule to include HFC5-535.

The agency has also reviewed the
identity and specifications suggested for
HFCS-55 in the comments. FDA
conchides that the suggested identity
and specifications are adequatz {0 -

\nsure that the public health wiil be
arotected.

In addition, the agency has
determined that because the
components of HFCS-55 are similar to
HFCS-42, and there are no safety

concerns with these components, there
is no need to differentiate between these
two HFCS's-on product labels for
COnsurners.

3. A comment from a trade association
included a recommendation for FDA to
adopt the Food Chemicals Codex (3d
ed., 2d supplement} assay requirements
for HFCS. The association also peinted
out that the Food Chemicals Codex has
published food grade specifications for
HFCS. . L

In the 1988 HFCS proposal, the

* agency stated that it would cooperate
‘with the National Academy of Sciences

to establish specifications for HFCS: The

~ 1988 HFCS proposal also stated that
" when acceptable specifications are
- developed, the agency will incorporate

them into the regulation. Recently,
however, as stated above, industry
submitted a comment suggesting new
identities and specifications for HFCS-
42 and HFCS-55 that are similar to
those published in the Food Chemicals
Codex, 4th ed., p. 181 {1996), in the
monograph entitled “High-Fructose'

- Corn Syrup.” These identities and'

specifications, as discussed in response
to comment 2 of this document, are
acceptable to the agency and are
therefore incorporated by reference.

IV. Conclusion:

Based on the conclusions of the
Federation of American Societies for -
Experimental Biology on the safety
evaluations of corn sugar, Cormn syrup,
invert sugar, and sucrose (Refs. 1.and 2}-
and of FDA's Task Force Report on the
health aspects of sugars contained in
carbohydrate sweeteners (Ref. 3}, in the
1688 HFCS proposal, the agency
proposed to affirm that the use of HFCS

in food is GRAS. FDA has considered all, cras,

Y .

the comments received on the 1088
HFCS proposal and has found that no

information has been submitted in

response to the proposal that warrants a
change in FDA's tentative conclusion
about the safety of HFCS or about
whether it is GRAS, ‘

The agency agrees with comments to
the 1988 HFCS proposal that the item of
commerce is HFCS containing not less
than 42 petcent fructose. Thus, FDA has
included HFCS containing not less than
42 percent fructose dry weight in the
description of the identity of HFCS in
the final rule. In addition, FDA has

- incorporated by reference the other

aspects of the identity and '
specifications for HFCS-42 that were

published in the Food Chemicals Codex,

4th ed., p. 191 (1896), in the monograph
entitled “High-Fructose Corn Syrup”
and that are similar to industry
comments to the 1988 HFCS proposal.

-Also, sufficient information was
submitted in the comments to justify-
affirmiing HFCS-55 as GRAS and to
provide specifications for this -~
substance. Therefore, the agency has .
included HFCS containing not less than
55 percent fructose dry weight in the
description of the identity of HFCS in
the final rule. In addition, FDA has
incorporated by reference the other
aspects of the identity and

- specifications for HFCS-55 that were

published in the Foed Chemicals Codex,
dth.ed., p. 181 (1996), in the monograph
entitled “High-Fructose Corn Syrup,”
and that are similar to industry '
comments to the 1988 HFCS proposal.
Furthermore, the agency is including a
sentence in the regulation to
characterize the manufacturing process
that converes HFCS5-42 to HFCS-55, i.e.,
“The product containing more than 50
percent (dry weight} fructose may be
prepared through concentration of the
fructose portion of the mixture
containing less than 50 percent
“fructose.” _ - )

Thus, FDA is including two types of
HFCS in this final rule. HFC5-42
contains-at least 42 percent fructose,

_-approximately 50 percent ghucose, and
not-mare than 8 percent other
saccharides. HFCS~55 contains at least
55 percent fructose, approximately 40
percent glucose, and not more than' 3

_percent other saccharides. HFCS-42 and
HFCS-55 both contain similar
saccharide compositions (ghucose to
fructose ratio) as honey, invert sugar,
and the disaccharide sucrose, and the

. miner components (primarily higher

saccharides of glucose) of HFCS-42 and
HFCS-55 are also present at similar
levels in com syrup and corn sugar,
which FDA has already found to be

FDA has previously considered the
envirenmental effects of this ruleas -
announced in the 1988 HFCS proposal.
FDA did not receive any information or
comments that would affect the agency's
determination that there is no .
significant impact on the urman
environment and that an environmental
impact statement is not reguired.

V. Anaiysis of Impacts

FDA has examined the economic
implications of the final rule affirming
the GRAS status of HFCS, prepared from
high dexirose-equivalent corn starch
hydrolysate by partial enzymatic.
conversion of glucose (dextrose) to
fructose utilizing one of several glucose
isomerase enzyme preparations, for use”
as a direct human food ingredient,
under Executive Order 12866 ant the
Regulatory Flexibility Act. Executive
Order 12866 directs agencies to assess -
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DEPARTHMERT OF HEALTH AND
HUMAN SERVICES

Food and Drug Administration
21 CFR Pariz 182 and 184
[Docket o, RSK-0E48]

Proposed Affirmation of GRAS Staius
of High Fructose Com Syrup

aaewey: Food gnd Drug Administration,
aciow: Proposed rule.

summMany; The Food and Drog
Administration (FOA} is proposing
affirm that high fruetose corn syrup s
generally recognized as safe {GRAS) as
& direct buman food ingredient, The
safety of this ingredient has heen
evaluated on the basis of the agency's
evaluation of six industry petitioners
and of the agency’s comprehensive
safety review of corn sugar, cormn syrup,
invert sugar, and sucrose. Published
elsewhere in this issue of the Federal
Register is & final rule affirming the
GRAS status of corn sugar, comn syrup,
invert pugar, end sucrose.’

BATE: Written comments by January 6,
1888,

ADDRESS: Writien comments to the
‘Dockets Mansgemen! Branch (HFA~
305), Food and Drug Administration, Rm.
452, 5600 Fighers Lane, Rockville, MD
230857,

FOR FURTHER INFORMATION CONTACT:
john W. Gordon, Center for Food Bafety
and Applied Nutrition (HFF-334}, Food
and Druy Administration, 200 C Street
SW., Washingion, DC 20204, 202-426~
5487,

BUPFLEMENTARY INFORMATION:

L Introduction

A. Listing of High Frucivse Corn 8. ymp
as GRAS in Part 182

In the Federal Register of February ﬁ.
1983 (48 FR 5718, FDA published &
regulation in 21 CFR Pert 182 that listed
high fructose corn syrup as GRAS for
usze in foed. FDA published this
regulation in responae {0 six industry
petitions tha! requested GRAS status for
certain msoluble glucose isomerase
enzyme preparations used to make high
fructose corn syrup and for the
manufactured product iteelf,

The basis for listing high fructose corn
syrup in Part 182 waes that {1) this
aubstance is made with enzyme
preparetions that the agency bad
affirmed as GRAS, and (2) the
saccharide composition (glutose to
fructose ratio} of high fructose corn
syrip is approximately the same as that
of honey. invert sugar. and the

disaecharide suerose. In addition, the
minor components (primarily highes
saccharides of glucose} of high fructose
corn syrup are alse found at similar
leveis in corn syrup and corn sugar
which are already on the GRAS list,
Therefore, FDA concluded that high
fruciose com syrup s g8 ssfe for use in
food ag sucrose, COrn SUZAL COTH BYHuD,
and invert pugsr. However, because the
agency had not made & decision on
whether it would affirm the latter
ingredients ag GRAS, it could not make
this decision for high fructose com syrup

- at that time.

The agency stated thal when it
completed ite comprebensive safety
review of comn sugar {dextrose), corn
syrup, invert sugar, ang sucrose, it
would determine whether the dats on
these substances provided an adeguate
basis to alfirm the GRAS status of high'
fructose com syrup.

B, identity of High Fructese Corn Syrup

Paragraph {g} of 21 CFR 1B2.1868
describes high fruciose corn syrup as "a
sweel, nuiritive saccharide mixtare
containing approximately 52 percent
fdry weight} glucose, 43 percent {dry
weight) fructose, and 5 percent {dry
weight] other saccharides. It is prepared
as g ciear sgueous solution from high
dextrose equivalent corn syrup
hydrolystate by partial enzymatic
conversion of glucose (dextrose} to
fructose using ap insoluble glusose
isomerase enzyme preparation
descrived in § 184.137¢ of this chaptes.”

The proposed regulation applies only
to the high fructose corn syrup that
meets the description: as specified in 21
CFR 182.1866{a}. The agency is aware
that there are other products on the
market that are also called "high
fructose com syrup” but that have
fructose contents of greater than 43
percent {dry weight). These products
generally contein either 55 percent
fructose (HFCS-65) or 80 percent
fructose {(HFCS-80) on a dry weight
basis. FDA is not proposing to affirm,
these products as GRAS because, as .
discussed later in thie document, their
manufacture involves the use of
processing materials thet are not used in
making the 45 percent fructoee product,
and the agency does not have sdeguate
information on these materials to sssess
the safety of their resigual levels in
these products.

C. Definitions

To clarity its discuaszion of the
proposed GRAS affirmation of high
fructose corn syrup, the ageney is
defining and explaining important terms
used in this docurnent,

The term "sugar” is used to refer w
any of the mono- and diseccharides
glucose, frectose, sucrose, and maliose,
which are found in sucrese. corn suger,
corn syTup, inver: sugar, and high
fructose corn syrup, The term “supar”
has traditionally been used by
consumers and by the agency {see 21
CFR 145.3(f). 148.3(f}. and 170.3{n}{41}} as
& synonym for the sweetener sucrose, In
this document, however the sweelener
sucrose is identified as "sucrose.” The
agency will use the term “sugars” fo
describe mixnres of mono- and
disaccharides and collectively all forms
of augar present in & food.

FDA will use the term “swestener” to
refer to any one or more of the
carbohydrate Jood ingredients sucrose,
corn sugar, torm syrup antd solids, invert
sugar, high fructose corn syrup, haney, .
and other edible syrups. The term

““gweetener”, as used in this document,

is not intended to include any other
nutritive or nonnutritive swaeteners that
are sdded to food, |

High fructose corn gyrup, as described
earlier, is composed primarily of
approximately equimolar amounts of the
monoesaccharides glucose and fructose
with some higher molecular weight
saccharides. Sucrose is the disaccharide
of glucose and fructose. Invert sugar is
composed of glucose, fructose, and .
sucrose. Corn sugar, commonly refetred
1o as dextrose, is crystalline o-D-
gtucose. Corn syrup contains glucose
and maltose (& diseccharide of glucose},
as wel! as higher molecular weight
gaccharides. These five ingredienis may
&lso contain water and reeidues from
the carbohydraie source material and
from processing.

1. The Safety Review of High Fructose
Corn Syrup

A. Sources of Informotion for the Sofety
Evaiuntion of High Fructose Corn Syrup

In, evaluating the safety of high
fructose corn syrup &5 a GRAS
ingredient, the agency used the
following sources of information:

1. GRAS Affirmation Petitions on High
Fructose Corn Syrup (4Go042. BG00SO,
750080, 7GO084, 7G008S, end 1G0271)

These petitions describe high fructose
corn BYrup &8 & mixture of sugars,
including approximately 52 percent
giocose {dextrose), 43 percent fructose,
and 5 percent maliose, isomaliose, and
other sugars that are natural
components of corn syrup. The petitions
stated that bigh fructose com syrup is
made by the eciion of & glusase
isomerase enzyme preparation on high
dextrose equivalent com syrup.
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Each of the five petitions requested
GRAS affirmation for & specific ghicose
isomerase preparetior derived from one
of five microbial species. The identity of
the enzyme preperetion was based on
the identity of the microbia! source and
the identity of the meterials vsed 1o
produce and immobilize the enzyme
preparation.

The petitions provided precise
tgxonomie clagsification of each
microbial source, The petitions .
gontained information that desoribed
the method and materials used to
produce and te immobilize the enzyme-
containing cellular materials,

The petitions conteined general
manufacturing information for kigh
fructose comn syTup that provides s baais
upon which to determine the residual
levels of enzymie preparation that would
geour in hkigh fructose corn syrap, This
information demonsirated that. under
the current methods, only very smail
amount of enzyme preparstion would
enier the product. The enzyme
preparation ks extensively washed to
remove procassing materials before it is
used. In addition, only relatively small
amounts of the washed enzyme
preparation are used to catalyze the
conversion of Jarge quantities of glucose
SYTUp.

Th!aje petitions also contained
published data on the microbial sources
cf the enzyme preparation as well &z
unpublished atimal feeding studies that
established safe ievels of the enzyme
preparation in the product. A more
deiafled distnssion of the identity of
high fructose corn syrup, of its method

of manufacture, and of the rationaie for

the agency's safety determination for the
enzyme preparations used in the
manufacture of high fructose corn syrup
ig found in the final rule published in the
Federal Register of February B, 1983 (48
FR 5718 .

2. The Select Committee Repert:
“Evalustion of the Health Aspects of
Corn Sugar [Dextrose), Corn Syrup. and
Invert Sugar &8 Food Ingredients”
(8C0GS-50) (Ref. 1)

This report is relevant to the safety of
high fructose com syrup because any
adverse health effects aesoviated with
the consumption of corn sugar. corn
gyrup, and invert sugar are likely rlso to
be associated with high fruclose com
syrup. High fruciose corn: syrup. corn
augar, and sorn syrup all contain
glucose, meitose, and highef
saccharides, as well as residues from
the processing aids and from the corn
uzed 10 manufacture these sweeteners.
Both high fruciose corn syrup and inveri
sugar centain glucese and fruciose.
Therefore, any adverse health effect of
congumption of corn sugar, CCrn SYrup,

or invert sugar may also occur from

consumption of kigh fructose comn syrup.

The report of the Select Commitiee
also containg & limited opinion and .
conclusion regarding the safety of high
fruttose com ayrup. The repori states
that the consumption of dextrose and
corn sytup has increesed markedly in-
recent yeers and & major part of the
increase resulted from the introduction
of high fructose corn syrup. The Salect
Commitiee cited predictions that high
fructese corn syrup would replace 30
percent of the applications for sucrose
and invert sugar. in the opinion of the
Select Committee there is no evidence
such replacement would have an
adverse effect on public health, A maore
detailed description of the findings and
the conclusions of the Select Commitiee
on the safety of corn sugar. corn syrup,
snd invert sugar was published in the
egency's proposal to affirm the GRAS
status of these food ingredients.(47 FR
53#17: Novernber 80. 1982}

3. The Select Committee Report)
“Evaluation of the Health Aspects of
Bucrose as a Food Ingredient” (5COGS-
§9) (Rel. 2)

Sucrose is 8 disaccharide that is
hydrolyzed in the intestine and is
absorbed ag it component
monosaccherides, gincose and fructose.
High fructose corn syrup also i
essentially 8 mixture of glucose and
frictose in epproximately egual
proportions. Becauss of the similarity in
sugars compogition between these two
sweeteners af the time of absorption,
any reporied sdverse health effects of
sucrose consumption are lkely to ooour
also from consumption of high fructose
zorn syrup. Thus. the Select Committee’s
report on sucrose is relevant to the
safety evaluation of high fructose corn
syrup. A descripiion of the findings and
the conctusions of the Select Commitiee
on the safety of sucrose was published
in the agency's proposal to gffirm the
GRAS status of sucrose as & food
ingredient {47 FR 53828; November 30,
1982},

4. The Task Foree Report: “Evaluation
of Healih Aspects of Sugars Contained
in Cerbohydrate Sweeteners” [Rel. 3]

In November 1883, the agency
established the Sugars Task Force
composed of scientists from FDA's
Center for Food Safety and Applied
Mutrition {o update the Select
Committee's safety reviews of corn
sugar, corn syrup. and invert sugar and
of sucrose,

In its safety evaluations of these
substances, the Select Committes found:
{1} That the safety of = specific
sweetener can be assessed only as part
of e safety assessment of total sweetner
consumption {see the Select

Committee's conclugions for sucrose and
for corn sugar, com syrup. and invert
sugar) and {2} that the sefety of an
individusl sweetener ls contingent upon
the safety of the “simple sugars” that it
containg (gee especielly the Selsct
Committes's conclusion for com sugar,
corn syrup, and invert sugar). Based on
these findings, the sgency ¢harged the
Task Force to conduct a single safety
review of all sweeteners.

The Task Foroe review focused on the
supers contained in the sweeleners
rather than on the sweeteners
themselves. 1t used the conclusions it
reached on the safety of the zugars o
assess the sefety of the sweateners that
confain these sugars.

The Task Force has completed its
sefety review. FDA has placed & copy ol
the Task Force's report on file in the
Diockets Managemen! Branch {address
sbove] in Dockst No. 78N~0141, This
report gantains safety data on fructose,
giucose, maltose, and sucrose that are
relevant to a safety assessment of high
fruciose corn syrup. it also contains an
assessment of various sugars intakes
and swestener availability and thereby
provides a basie {or estimating current
consumption of high fructose corn syrup.

A mare coinplete description of the
Task Force's safety review and of the
conciusions of the Task Force regarding
the safety of the dietary sugars (glucose,
fructose, sucrose, and maliose} is
provided eisewhare in this issue of the
Faderal Register in the final rule that
affirms the GRAS siatus of corn sugar.
corn syrup: invert sugar, and sucrose.

B. Firidings of the Sofety Review for
Higk Fruciose Corn Syrup

1. Consumption of High Fructose Corn
SyTup ’

The Task Force. in its report,
psiimated thet in 1964 the average deily
intake of sugars from high fruciose carn
syrup was 16 grams per person per day.
and that for the 90th percentile
ponsumers of total sugars, it was 43
grams per person per day {Ref. 3}
Because the sugars in high fruclose cors
syTup (glucose, fructose, and maliose)
represent approximately 96 percent of
its dry weight, the sgency concludes that
these values represent appropriate
estimates of the average daily intakes of
high fructnse corn syrup itself on a dry
weight basis,

In its report. the Task Force esiimated
intakes of the sugars glucese, fructose,
sucrose, end maltose by combining foed
consumption data from the U8,
Department of Agriculture (USDA)
Nationwide Food Consumption Survey
of 1977-1878 with sugars composition
data {Ref. 3). For details of how the Task
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Foree made its estimate see the final

rule, Ref. 2.
It should be nioted that the consumer.
exposure data relating to high frociose
‘corn syrup consumption presented in the
Task Foree report inciuded current use
" of HFCS-58. The exposure datg, .
. however. did not include HFCS-60
- becauze this product is not currently
used in a gignificant amount, and data
required to make intake esfimates of this
product are not avsilable {Ref. 3}

. The Task Force ales asgessed trends
in sweetener availability based on
USDA diseppearance data.
Disappearance data for sweeteners
represent estimates of domestic
‘shipments {deliveries) of sweeteners by
refiners and importers to primary
buyers, such a¢ food industries, trades,
wholesalers, and retailers {Ref 3). The
data thus represent spproximate
estimates of the totel amount {dry
weight} of sweeteners avai able for
consumptoin by the U.S. population and
net the amount of sweeteners actually
consumed. ‘

- The Task Force's assessment of
USDA - disappearance data for {otal
swesleners showed thal, since 1970,
svaliability of iotal sweeteners has been
reasonably constant (Ref. 3}, The samie
data show, howaver, that during this
periad, fhere was a gignificant change in
types af sweeteners used. High fructose
coIm syrup usage increased rapidly,

‘accompanied by 8 complete decresse in
sucrose usage. These date also show
that high fructese corn syrup usage has
now platesued, and no further increase
is expected in the near future {Ref. 3).
Based on this projection, the sgency
anficipaies lite huure change in
exposure o high fructose corn syrup.
2. Bafety of High Fructose Corn Syrup
In He reports evaluating the safety of
sucrose snd the safety of corn sugar,
covn symp. snd invert sugar, the Select
Committee concluded [Rels. 1 and 2)
that sucrose, glucose, and fruciose {and
thereiore corn sugar, corm gyrup, high
fructose corn syrup, and invert sugar)
are cariogenic. However, other than the
contribution of dental caries, the Belent
Committee found no evidence that
BUCTOBE, COYR BUZAT, COMD RYTUD, -Bnd
invert sugar are & hazard io the public
when they are used in the manner
-practiced and a! the levels used a1 the
time of the reports. The Select ‘
Committee noted. however, that it could
not determine whether an increase in
totel sweetener consamption (the total
of sucrose, com syrup, and inver! sugar]
would constitute a dietary hazard.
in its report on COM BYTUR, GOTH BYTUR,
end invert sugar, the Select Committes
.&lsp expressed the opinion that [Rel 1)

High fructose corn syrups are predicted o
increase in production zrd to replace sucrose
and inver! sugar in up to 30 percent of their
spplicetions by 1960-84, based largely on
reigtive coste. Therw is no evidence that such
replacement perse, woild have an sdverse
effect on public kealth,

This opinion ts based on the
essumption thet high fructose com
syrups will be formulated in the present
tuanner, i.e, approximately equimolar
mixture of glucose and fructoze, It does
not extend lo the use of fractose syrups
or other types of high fructose com
syrups thet are predominantly fructose,
heceuse these syrups may have heatth
effects that differ substantially from the
types manufaciured gurrently,

In its report evaluating the safety of
sugars {glucoss. fruciose, suorose, end
maltose}, the Task Force concluded that
{Ref. 3%

{1) Evidense exists that sugers, &g
they are consumed in the American diat,
coniribute to the deveispment of dental
caries.

{2] Other than the contribution to
dental caries, there is no conciusive
evidence in the svsailable informstion on
sugars that demonstrates & hazard to the
generel public when sugars are
consumed &t the levels that are now
currnet and in the manner now
practiced.

The agency evaluated the safery
izsues related to pwestener consumption
raised in the Select Committee's reports
on sucrose and on corn segar, com
syrup, and invert sugar and in the Task
Force reporl. In particular, it considered
the isgue of the association between
consumption of these sweefeners [or
sugars) and the incidence of dental
garies. ‘

The agency recogrized that the Task
Faree's conclusions regerding dental
caries reinforce the Select Committee's
vonchusions and establish more
-definitely the association between
sugars consuinption and dental caries
incidence. Yet, the agency decided to
affirm the GRAS status of the uge of
SUCTDSE, COM BUEAT, COTR BYTUP, &nd
invert sugar, despite their contribution
to dental caries formation. The egency
congluded that while the Task Forge's
findings on denial caries supported the
Select Comuaittee's findings. the Task
Forge's findings did not show thet the
association between augers
consumption and denta) ceries had
betome & more significant health
problem han it had been in 1878, The
Task Force report showed that total
exposure 10 sweeteners had not chenged
singe the Select Commitiee’s report.
Mareover, ii showed thal caries
incidence in the United States bad
declined in the past decade, The data

reviewed in the Task Force repord
suggest that further developments in
caries.prevention should facilitate thxs
decline in the future,

For these reasons. the agency has
concluted that the Task Force's review
did not provide any basis for modifying
the 1952 proposed GRAS affirmation of
COTR §ugar, COTR syrup, invert sugar, and
sucrose, ]

3, Effgecte of Increased Consumption of
Fruciose

The major charnge in sugars ]
consumption that has ocourred as a
result of the introduction of high
fructose corn syrup containing
approximaiely equimolar smounts of
glucose and fructose i the incressed
consumpion of glucose and fructose as
monosaccharides ag opposed to their
consumption as the disaccharide
sucrose,

concern about the incresse in glucose
consumption and would be concerned
only if this increase wae 8o great as to
cause & nutritional imbalance. Glucose
is & normal body nutrieni and is the
main source of energy for living
prganismag, including humans. Glucese 19
8 polymeric form {sierch) is & normal
mecronutrient i the human diet,

Fructose, however, does nol nccupy a

_eimilar plage in the human diel end
metabolism. Befare the introdoction of

15 cicse corn syrup, the major
sources of added dietary fructose were
sucrose and heney. Thus, the major
guestion that must be snswered in &
safety evaluation of high fmctose corn
syrup is the effect of consumption of
high fructose corn syrup on total
fructose consumption, P

The Task Force considered current
levels of fruptose intake. the trend In
high fructose corn syrup intake, and the
health problems that are associaied with,
the current and the anticipated levels of
fructose intake,

As part of its safety assessment of
fructose, the Task Force estimated the
level of consumption of this sugar in
1984 [Rel. 3). it found that the average
daily intake of sdded fructpse was 10
grems per day, and that the 80th
percentile average daily inteke of added
fructose was 23 grams per day. The Task
Force in its safety evaluation of fructose
found that these intake levels are safe
[except for contributing to dental caries)
based on safety data reviewed for it -
report [Rel. 3.

The Task Force essessed the chenges
in availebility of Iructese added to food.
Basged on the evaluation of USDA
disappearance data, the Task Force
foung thet the availability of high
fruciose carn syrup increased since .

The agency has no significant safew i!
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1070. This increase in the high fructose
corn syrup usege has resulted inan
increase in the svailability of fructose
added to the food supply, However, the
true increase in fructose svailshility is
smaller than thet which appears from
the increase in the high fuctose corn
syrug usege because two thirds of the
high fructose usage repiaced the sucrose
usage in soft drinks, and most of the
sucroee in saft drinks exists es glucose
and fructose {invert suger), not as
suctose. Thus, pert of the increase in -
fructose svailability noutally replaced
the fructose that was slready existing in
the food supply (Ref. 3). Further, the
increpse in the high fructose corn syrup
vsage has been accompanied by a
comparable decling in the availability of
sucrose. Because sucrose splis into
glucose and Fuctose before shsorption
Tor use by the body, the total body load
of fructose has nol changed much due td
use of high fructose corn syrup a8
currently practiced.

e Conclusions on the GRAS Status of -
High Fructess Corn Syrup

Based on the findings of the salety
reviews of both the Select Committee
and the Task Force, the agency finds
that evidence exists that high fructose
corn syrup, s it iz consumed in the
average American diet, contributes to

. the formation of dental carjes.

The agency elso finds that there it no
convincing evidence in the evailable
information on high fructose corn syrup
that demonstrates a hazard to the
public. other than dental caries, when
high fructose corm syrup s consumed al
the levels that are now current and in
the manner now practiced,

 This conclusion is based oz the
following:

{1) Dats in the Task Force report that
show that use of high fraciose com
syrup hag not resuited in an inerease in
the consumption of total sugars in the
United States as a result of the
substitntion of high fuctose com syrup
for other sweeteners, primarily sucrose.

{2) The safety of the monesaccharides
{i.e., glucose gnd fructose) in high
fractose corn syrup (coniaining
equimolar amounts of glucese and
fructose} is compareble to the safety of
sugars in invert sugar. R is glao related
to the safety of sucrose. Consumption of
all three sweetenecs results in the
absorption and metsbeolism of glucose
and Fuciose in an spproximately
equirnolar ratio. Thus, consumpon of
high fruciose corn eyrup [conteining
equimoler amounts of glecose and
fructose) is not expected o &lter the
identity, ievel, or retic of

absorption and metabolism from the

" food supply.

(3) Insoluable glucose isomerase
arizryme preparations used in the )
manufactare of high fructose corn syrup

" arre GRAS {3 184.1372) {46 FR 5716

February & 1983).

{4] The safety of the minor .
compuonents (e.g. the higher saccharides
and other residues from corn and cormn
processing) of high fractose corn syrup
is comparable to the safety of these
components in corm sugar and corn
syrup (which have been affitmed as
GRAS for use in food). These marterials
gre present in the original eom syrup
used to make high fructose corn syrup
and their presence and concentration
{gram per gram dry weight) are not
aitered by the bigh fructose corn syrup
manufacturing process.

Based on these findings. the agency
tentatively congludes that it can affirm
that the high frectose comn syrup
described in 21 CFR 182.1866 is
generally recognized as safe gy & direct
human food ingredient. ’

In reaching this tentative conclusion,
the agency notes that its proposed
GRAS affirmation of high fructose com
syTup does not cover & major
commerical product thet is 55 percent
[dry weight) Fructose, HFCS-55, The

petitions on which the GRAS affirmation .

of high frictose com syrup is based did

‘not include HFCS-85. However, the

egency is aware of the product, and that
the menufaciure of HFCS-55 includes
processing procedures end materials
that are not used {o prepare the 43
percent fructose HFCS (HFCS-43) that is
the subject of this action. The agency
has no information on wiitHTE §5%ess

e THENTITY and Poseible residie ievels

TIThEsE mﬁmgsa_ﬂzeiemlm.mei
5 final product Therefore the

zgency cannot adequately assess the

_safety of Wt pregast ™"

T THE dgEicY 5 exposuie estimate for
high fructose corn syTup did, however,
include exposure 1o HFCS-B6
Furthermors, the agency concedes that
most of the components found in HFCS-
43 (approximately equimolar mixtures of
glucose and fructose. residues from com
syrup, and residues from the enzyme
preparations used to make high fructose
corn syrup) are also found in HFCS-55.
Therefare, the safety evaiuaton of the
major compenents in HFCS5-43 is aiso
appiicable to HFCS-53. Accordingly, the
agency would consider including HFCE~
55 in its final rule affirming the GRAS
status of high fructose corn syTup if it
celves, s comments on this proposal,
adequate information on how HFCS-55

15 manufattured to aliow the agefty to
“identify possible residues fran

monasaccharides thal are available for | processing materials and thereby to

s o

st o

engure thst the Jevele of those residues
in the final product are sase,

The proposed GRAS affirmation of
high fructese corn syrup also dogs not
include the 90 percent fructogse HFCS
[HFCS-90),-which is also'a commercially
available product. This product contains
s substantially differeit ratio of glucose
to fructose than either HFCE-43 or
HPCS-55, HFCS-80 is not included in
this rulemaking because the sgency does
not have adeguate information on the
processing materials used lo make this
ingredient to assess the safety of
residaal levels of the processing -
materials in the final product.
Farthermore, FOA dit niot inicude
HFCS-90 in the agency’'s exposure
estimate for high fructose corn syrup.
The agency is aware of only minor uses
of HFC5-80 &s an ingredient in low
calorie foods, Finally, the agency’s
safety review of the sugars components
of high fruetose corn syrup does not

" gover this product because HFUS-80

does nol contain approximately
egquimoler amounts of glucose and
fructose, Thus, addiiions) datz on the
effects of fructose consumption that is
not balanced with glucose consumption
would be needed to assure the safety of
this product. The agency concludes that
appropriate consideration of GRAS
status of this produet would be through
the petition process {21 CFR 170.35).

D. Conditions of GRAS Affirmation

The agency is proposing to affirm the
GRAS status of high fructose corn syrup
in accordance with 21 CFR.184.1(k}(1).
The proposed GRAS affirmation
regulation is based on'the conclusions of
the Select Committee's report and Task
Force report oo sweeteners.

‘The sgency's conclusion on the nse of
high fruciose corn syrup is based. in
large pert, on the agency's conclusions
on the sefety of total sweetener
tonsumption. The agency's conclusion
that suck consiunption is GRASB is
predicated on the assumption that the
gonsumption and availability of total
sugars will remain 8t current levels,

Usually when the safefy of possible
expanded consumption of a substance
cannot be asoertained, FDVA proposes io
establish specific imitations on use of
the substance. For carn sugar, com
syTup, invert sugar, and sucrose,
however, the egency concluded that
limitation on their use would not
effectively prevent an increase in total
dietary sugars consamption for the
feliowing reasons:

11} "The concern of the Select
Committee {end of the Task Force}
reistive to sweetener gonsumption and

41867
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sdverse affects was for total sweetener
consumnption.

{2} The pse of these sweeteners is -
extrernely variable within each of the 43
food categories listed in § 170.3(n). Thus,
even if the agency were 1o adopt
maximum use ievels, it would not
prevent manufacturery from increasing
the amount of these swesteners in a
particuler product in & food calegory to
the level eatablished by the limitation.

{3} Establighment of specific
limitations for these sweeteners wonld
not prevent the expoessive consumpiion

-of these ingredients or other dietary
sugars thal results from voluntary
selection of those foods that have g high
sugars content.

For thess reasons, the proposed
regulations on sucrose, COMM SUGAL, COIR
syrup; and invert suger specify that the
ingredients are used in food with no
limitation other than current-gond
manuf&ctmng practice in-accordance
with § 184.3{b)(1] {see 47 FR 53017 and
53823; November 30, 1882},

For similar reasons, FOJA {8 proposing
to not establish limitations on the use of
high fruetose corn syrup In food, Given
the safety conclusions of both the Select

- Committes end the Task Forve regarding
total sweeiener consumption, the finding
of the Task Force that the level of totél

- sweetener consumption has not -
chenged, and the interchangeability of
sweetaner use, the agency tentatively
conciudes that there is no basis for
establishing conditiens of use for high
‘fructose corn syrup thet are different
from those eatablished for the other
swueteners, Therefore, the agency ig
proposing to affirm the GRAS sistus for
the use of high fructose com eyrup in
food with ne limitation other then

 cwrent good manufacturing practice,

“The agency alse proposes 10 amend 21

CFR 1841372 Insolvable glucose

© fsomerose enzyme preparotions by
removing the Part 182 citation for high
fruciose corn syrup (21 CFR 182.1886)
end replacing this citation with the new
Part 184 citation {21 CFR 184.1866].

Food-grade specifications do not exist
for high froctose com syrup at the
present fime. The agency will work with
the Commitiee on Food Chemicals
Codex of the Nationa| Academy of
Sciences to develop acceptable
epecificetions for this ingredient. When
acceptable specifications are developed,
the ggency will incorporate them inte
this regulation. Unill specifications are
developed. FOA has determined that the

pubiic health will be adequately

protected if commersia high fructose
com syrup complies with the description
in the proposed regulabrm and ig of

foad-grade purity in sccordance with 21
CFR 170.30¢h)(1) and 182.3(b){3}

IL. bmnpact Apalysis

'I'he agency has determined under 23
CFR 25.24{b}{7T thet this action is of &
fype that does not individually or
cumulatively have a significant éffect on
the human environment, Therafore,
neither a1 environmental sssessment
nor an envirenmental impact stalement
is reguired.

FDA. in actordance with the
Regulatory Flexibility Act, has
considered the effect thet this proposal
waould have on smail enfities including
small businesses and has determined
that the effect of thiz proposal is to
maintaln current known uses of the
substance covered by this propossl by
both largs and small businesses,
Therefore, FDA certifies in accordance

‘with section: 605(b] of the Regulatory

Flexibitity Act that no significant
geconomic impact on & substantial
number of small entities will derive from
this action.

In socordance with Executive Order
12201, FDA has carefully analyzed the
economic effects of this proposal and
has determined that the final rule, if
promulgeied, will not be 2 major rule as
defined by the Order.

The agency's findings of no major
economic impast and no significant
impact on g pubstantial number of small
entities, end the evidence supporiing
these findings, ere contained in a
threshold assessment which may be
seen in the Dockets Management
Branch.

IV, Comments

Interested persons may, on or before
january §, 1968, submit to the Dockets
Management Branch {address above}
written comments regarding this
proposal. Two copies of any comments
are to be submitted, except that
individuals iney submit one copy.
Conumenis are to be identified with the
docket numiber found in breckets in the
heading of this dotument Received
comments may be seen in the office
above between B a.m. and 4 p.m.
Mondey through Friday. '

V. References

The following references have been
placed on display i the Dockets
Management Branch, end may be seen
by interested persons between § a.m.
and 4 p.Jn., Monday through Friday.

1. "Evalustion of the Heslth Aspects of
Corn Sugar {Dextrose), Cron Syrup, end
Invert Bugar as Food Ingredients” {SCOGS-
507 Select Committes on GRAS Subsiences,
Life Boiznces Research (iice, Federation of
Amerizcan Societies for Experimental Biology.
1874,

“Evelua!son of the Health Aspects of
Sums-e 8% a Food Ingredient” [SCOGS-631,

Sejent Gommittee on GRAS Substences, Life

" Seienced Research Office, Federation of

American Societies for Experimental Biology.
1878,

3. Glinsmann, W H., Irsusquin, H. and
Park. ¥. K. "Evaluation of Health Aspects of
Bugers Contained in Carbohydrate
Sweeleners,” Report of Sugars Task Force,
1888, Journg] of Nutrition, 118 {1181:51-5216,
1986,

4. Kirk-Othsmer Encyclopedia of Chemical
Techneology, 34 Bd., Vol. 22, p. 5910,

List of Subjects
21 CFR Part 182

Food ingredients, Food packaging,
Spices and fiavorings.

21 CFR Part 184

Food ingredients.

Therefore, under the Federal Food,
Drug, and Cosmetic Act and under
authotity delegaied to the Commigsioner
of Food and Drugs, it is proposed that

Parts 182 and 184 be amended as
{ollows:

PART 182—SUBSTANCES
GENERALLY RECOGNIZED AS SAFE

1. The authority citation for 21 CFR
Part 182 continues to read as folivws:
Auntharity: Sece. 201{s), 402, 409, 701, 52
Stat, 10461047 np amended, 1055-1056 az

amended, 77 Stat. 1784~1788 ag gmended {23
LLE.C. 321(s), 342, 348, 371); 231 CFR 5.10. 5.6:1.

E182.1866 [Removed]

2. Section 182.1868 High fruciose corn
syrup is removed from Subpart B,

PLRYT 184~DIRECT FOOD
SUBSTANCES AFFIRMED AS
GENERALLY RECOGNIZED AS SAFE

8. The authority sitetion for 21 CFR
Pert 184 continves to read as follows:

Aunthority: Secs. 201(e), 602, 409, 707, 52
Siat, 1045-1047 as amended, 1055-1036 az
amended, 72 Btat, 1784-1788 88 Bmended [21
U.B.C. 221(s), 842, 348, 371} 21 CFR 5,30, 581

4. Section 184.1372 is amended by
revising the firs! sentence in paragrsph
{a) to read as lollows:

§184.1372 insoluabis ghicose Isomerase

enzyme pmpﬂrﬂium.

{#]) insoluable plucose isomerase
enzyme preparations are used in the
production of high fructose com syrup
as described in § 184.1866 of this
chapter, * * °
L3 T L3 * &

5. Section 184.1866 is added 1o
Subpart B to read as follows:

£ 1841856 High fruciose comn Sy,

" {a] High fructose com syrup is 2
sweel, nutritive saccharide mixture
containing approximately 52 percent

e R TR it o e PV
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{dry weight} glucose, 43 percent (dry
weight] fractose, and § percent {dry
weight] other saccharides. It is prepared
as a clear sgueous solution from high
dextrose equivalent con starch
hydrolysste by partial enzymatic
conversion of glucose {dexxirosel to
fructose utilizing an irsoiuble glucose
isomerase enzyme preparsbon
deseribed in § 1841372,

[b} FDA is developing food-grade
specifizations for high Fuctose comn
' sYTUP i cooperstion wilh the National
Academy of Sciences. In the interim,
this ingrediant must be of purity suitable
for ite intended uoe,

{¢] In accordence with § 184.3(b){1).
the ingredient is used in feod with no
limitation other than current good
manufachring preciice.

Deted: October 31, 1988,

Jobus k. Teylor,

Associote Commissioner for Regulotory
Affairs,

[FR Doc. 88-25584 Flled 11-4-38; 8:45 am]
BILLING CODE 4560-01-4 .

DE\PAHTI&ENT OF DEFENSE

Office of the Secretary
szc\mpamss

[DoD BRI0E-R

Civillan Heatth snd Medical Program of
the Unmw Sarvives (CHAMPUSY
Application of the tedicare Economic
tnoax:

AGERCY: Office of the Secretary, Dol
ACTION: Pmpcsed rele.,

SUMMARY: This\proposed rle will
emend Part 189 of Title 32, the

regulation which\governs CHAMPUS, hy
implementing Section 8018 of the
Department of Defense A’.ppmpri&ti?/

Act for 1889, Pub, L\am—&as. This
section himits © ncreases in the
CHAMPUS prevailing charges for
physician end ofher suthorized”
individual providers of wedicdl care W
the extemt jastifizd by mmm.c changes
as reflected in appropriaie economic
index date similar to wsed mder
Medicare, The amendsd 34 CFR Part 199
wotuld employ the h}[—é.d:nau\,. Economic
Index to bmit the iforeases in prevailing
charges.

pate: Writtengublic comments musl be
received on 6t befare Decembet 7, 1988,
ADDRESS: ,Send comments to the\Office
of Civitign Health end Medica! Program
of the Pniformed Services
{OCHAMPUS), Dffice of Program
Derelopment, Aurora, CO 80045-6960.

¢ £ For copies of the Federal Registes

containing this notise, contact the
superintendent of Documents, US
vernment Printing Gffice.
shington, DC 20402, {202) 783-32348.
e charge for the Federal Register is
£1.50\or each issue payable by check or

moneyorder to the Superintendent of
© Documants.

FOR FURTHER INEQRMATION CONTADT:

Tarig S, 8 Office of Program

Development, OCHAMPUS, telephone

{303} 86%

. To obtain cipies of this docament, see
the “"ADD: " gection ebove.
SUPPLEMENTARYYNFORMATION: In FR
Doc. 77-7834, eppearing in the Federal

Register on Apnl 4,1877 (42 FR 17972),
the Office of the Seoretary of Defense
published jts regulation, Dol 6010.5-R,
“Implementation of thk Civilan Health
and Medical Program of the Uniformed
Services {CHAMPUS)" ag Part 199 of
this title. The 32 CFR Partyo8 Dol
6010.8-R) was reissued in the Fed
Regigter on Jaly 1, 1988 (51

L. Beckgrownd

Currently, for the services
physicians and other suthorized
- individuat professtonal previders Nhe
regulation provides that%e allowable
charge for covered care shall be the
lewer of (1) The billed charge for the
service; ar (2 the charge levil
that does not exc;eed the zmount
eguivalent to thé BOth percentils of
billed chargegmade for similar services
in the samedocality during the base
period. Seéhon &m38 of the Depariment
of Defepée Appropriation Act {or Fiscal
Year 19858, Pub. L. 100-463, reguires thal

Ndﬁ/eo { the funds contained in this Act
8y, for the Civiliae Health apd Medicsl
Program of the Unfformed Services under the
provigions far section 3009(a) of title 10,
United States Code, shell be available for
reimbursement of eny physiciam or other
euthirized individual proviter of medicsl
care in excess of the lower of: {g] the
eightieth parcertile of the comtomary charges
made for stmilar services m the same locality
where the medicn] care wis d, an
determined for physicians in accordanpe wilh
seclion 2078k of titie 10, Usnited States Code;
or {b) the allowahle amounts in effect during
fiscel year 1980 increased to the extent
justified by ecopomic changes ss refleciad in
eppropriste evomomic tndex dete simiiar to
that used pursueni to ‘qt}e XVl of the Social
Seourity Aot

Accordingly, baginning approximately
jenuary 1, 1088, incresses In the
CHAMPUS prevalling charges in effect
during fiscal year 1088 for physicians

"and other authorized individuel
providers will be limited based on
appiization of the Medicare Economic
Index [MEI. ‘

O September 29, 1988, we published
in the szﬂkwﬂu{mmm (]
niotice to defer update of

Octaber 1, 1988, This notice ;pemﬁed
that the deferral of the updéie will lant
for 12 months miess CHAMPUS |
impiemenis the MEI methed to it
growth in prevailing charges.

Effective approximaiely January 1.
1989, this provosed rule will implement
the provisions of Pub. L 100463,
adapting the ME under CHAMPUS and
lifting the freeze on prevailing charge
levels, With the adoption of the MEL the
CHAMPUS fee screen year {the 12
month/period begioning on the date the
profiles are updated) witl also be

" .chahged from & ﬁm&l year 10 & calendar
ST,

Ii. Medicars Economic Index (MED

In 1872, in response to conesrns sbout
riging physician.{ees reimbursed under
Part B of the Medicare program,
Congress mandated that an additiona]
fee limit be incinded in the calcalation
of “reasansble” charges, Under Section
224 of the Bocial Security Act
Amendmente of 1972 (Pub. L. 02-803},
the prevailing charge—an amourt equal
to the maximums resscuable charge
allowed phyveicians for e specific
procedure e gpecific logality—eouid
exceed the July 1972-hme 1973
prevailing charge only by an amoant
reflected by an index of changes m
biysiciens' operating expenses and
mings levels. This ndex is known as
the Medicare Economic Index [MET].
Uniler Medicare, in the case of

provided to atcoumt for mBation, but
2 extent that there are updates
The MEI updates have
ly increased the initial
arge level that was
r the {then) fiscal yaar

physicians’ services only, ermnal
incr;% in prevailing charges are

only to
i the
pragreast
prevailing
eatablished
ending June 3, 1973.

7 The Omnibuy Budget Reconcillation
Act of 1987 estaklished the ME! for 1985
at 1.0 percent for poil CRIE BErVices
and 1.0 percert Iorsther services.
Primary care servicag were defined in
the accompanying C ce Report te
be office medical visity, home medicat

visits, emargency dep ni services,
and skilied nursing, in inte care,
long-term care lacility, home,
boarding home, dami or custodial
care visits.

CHAMPUS will be folln the
Meditare procedure in this regard,

subject io changes based on diffgrences

‘in the CHAMPUS and Medicare \
- programs. Under CHAMPUS, we
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Sugar and sugars: Myths and realities

ANN M. COULSTON, MS, RD; RACHEL K. JOHNSON, PRD,"MPH; RIS

e all appreciate the sensation of sweetness; however,

the amount of sweetened foods and beverages we eat

and drink is influenced by many factors. These in-

clude age, cultural differences, economic status,
health conditions, cost and availability ag well as other lifestyle
considerations. We cannot congider sweetrness without men-
tioning sweeteners. Whether ealoric or non-caloric, sweeten-
ers offer the producer and consumer a choice of products {o
provide sweetness.

Sugars are found in foods as natural constituents such as
fruits, honey and dairy products. But they are also generated
during processing (cooking), added intentionally to improve
the palatability of foods and beverages such as in candies and
soft drinks, or used as a preservative as in jarns and jellies.
Sucrose, the sugar most people identify with the term “sugar”
or “sweetness”, oceurs naturally as & component of the carbo-
hydrate of every fruit and vegetable in the plant Kingdom. It is
a product of photosynthesis and occurs in greatest quantities
in sugar cane and sugar beets from which it is harvested for
commercial use. Sucrose is extracted from these plants through
a process of water extraction, purification, fiiiration, concen-
tration and drying (1). There is no difference in the sucrose
from cane or beet sugar,

Chemicals that taste sweet include a variety of organic
compounds, such as sugars, amine acids, peptides, proteins,

A. M. Coulston 15 a nutrition consultant i Palo Alto,
Calif R. K. Johnson is professor of nutrition and acting
dean, at the College of Agriculiure and Life Sciences, The
University of Vermeont, Burlington.

Send correspondence to: Ann M. Coulston, MS, RD,
Hatiner/Coulston Nutrition Associates, 2539 Greer Rd,
Palo Alto, CA 94308, E-mail: ann. coulston@atiglobal.net

and various heterseyelics. Potencies of sweeteners are con-
ventionally compared on a weight basis with sucrose, which is
given the potency of 1.0 (Figure 1. Although some of these
sweeteners have a much greater potency for sweetness than
sucrose, of those currently known, none possess the ideal
sensory qualities of sucrose. The most importani quality ef-
facts of sucrose are the temporal characteristics. These mani-
fest as delayed reaction times to sweetness and prolonged
sweast sensations. it is unclear how chemical structure affects
these temporal characteristics. However, in some products,
high-fructose corn syrup {HFCS) is an accepiable substitute
for sucrose.

HIGR-FRUCTOSE CORN SYRUP

The HFCS story is one of the mast revolutionary in foed science
in the last decade, Use of HFGS has been driven partly by its
price, which is well below the price of raw sugar (2). Com
refiners produce high fructose corn syrup by first converting
cornstarch ta syrup that is nearly all dextrose. Enzymes isorer-
ize the dextrose to produce 42% fructose syrup called HFCS-
42. By passing HFCS-42 through an ion-exchange columun that
retains fructose, corn refiners draw off 80% HFCS and blend it
with HFCS-42 to make a third syrup, HFCS-E5 (2). HFCS has
a chemical structure similar to sucrose. Unlike the name—
high-fructose——this sweetener is no higher in fructose than
sucrese. Thus, whether sweetness comes from sucrose or
HFCS, both are essentially disaccharides composed of one
ghucose and one fructose molecule.

Demand for HFCS is driven by the production of products
that can use syrup as an ingredieni. For exaraple, 90% of
HFCS-55 is used by the beverage industry. While HFCS-42 is
used by the beverage industry (44%), it is also used by pro-
cessed food manufacturers {21%), cereal and bakery produc-

Journal of THE AMERICAN DIETETIC ASSOCIATION / 331
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Relative sweetness
{by waight, solids}
1.0

Food Ingredient

Sucrose .
Glucose R N
Fructose 1.3
Laciose 0.2
High Fructose Corn Syrup

{42% fruciose) 1.0
High Fructese Corn Syrup

{55% fructose) 1.1
Aspartame 80

FIG 1. Retative Sweetness of Sugars
Aduapted from: hitp:/fwwnw. shu. ac.wk/biology/enziech/
maltose html. Accessed: Moy 2, 2001,

" ers (13%), the dairy industry {7%), confectionary industry
(1%), and the remainder by rmultiple use foed manufacturers
{2). Supersweet HFCS-80 is used in natural and “Hght” prod-
ucts where very little volume is needed to provide sweetness.
1.8, production of HFCS increased from 2.18 million tons in
1980 to 9.4 million tons in 1999 a2s HFCS replaced more
expensively priced sugar in a variety of industrial uses. In 2000
about 5.3% of the total corn crop was used to produce HCFS
(3.

SWEETENER CONSUMPTION

1J.5. sweetener consumption increased by close fo § million
tons over the last twenty years to a level of about 22 million
tonsgin 1999 (2). Sweetener consumption datz includer sugar,
corn sweeteners, honey, maple syrup, and other edible syr-
ups, but exclude non-caloric sweeteners. Cane and beet
sugar consumption declined in the early 1980's, as HFCS
began to replace these commodities in beverages and some
bakery products but began to recover and reached an esti-
mated 9.4 mifon tons in 1999. Per capitz consumption of
caloric sweeteners increased 22% from 1970 to 1396, and has
continued to increase to an estimated 158 pounds/capita in
1999,

According te U.S. Food Supply Data, Americans’ per capita
consumption of added sugars went from 27 teaspoons (or 108
g) per person, per day in 1870 to 32 teaspoons (or 128 g) per
person, per day in 1996, an increase of 23 percent (4). This
increased consumption has been driven by the dramatic in-
crease in the supples of corn sweeteners or HFCS (Figure 2)
(4). For the purposes of analyzing the nutrient intake of
Americans in nationwide surveys and in establishing the Food
Guide Pyramid, added sugars are defined as all sugars used as
ingredients in processed and prepared foods, such as bread,
cake, soft drinks, jam, and ice cream, as well as sugars eaten
separately or added to foods at the table (5).

As stated in the yvear 2000 Dietary Guidelines for Ameri-
cans, consumers are advised to “Choose beverages and foods
to moderate your intakes of sugars” (6). Unlike other nutrients,
such as total and saturated fat and sodium, there is no guidance
for the consumer as to how much sugar constitutes modera-
tion, The only document that has received wide dissemination
arnong the American public that offers some direction is the
Food Guide Pyramid. Consumers are advised to use added
sugars “sparingly” and this is defined as 6 teaspoons (or 24 g}
for & 1600 kilecalorie diet, 12 teaspoons (or 48 g) for a 2200
kilocalorie diet and 18 teaspoons (or 72 g for a 2800 kilocalorie
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diet {7). As the average intake ofadded sweeteners for the U.S.
population, age two and older, is 20.5 teaspoons (or 82 g) per
day (8) most Arnericans exceed the Food Guide Pyramid
recormmendations.

NUTRITION AND HEALTH CONSIDERATIONS
Misconceptions are touted for many carbohydrate-rich foods,
including sucrose angd HFCS. Concerns arise as epidemiologi-
cal studies report an alarming increase in body weight and
type 2 or “adult onset” dizbetes mellitus in children and
aduits. Seientific studies examining the associations between
carbohydrate-containing foods and beverages and Lhe etiol-
ogy of obesity and diabetes are controversial. For example,
Gibson {9}, and Lewis and colieagues (10} reported a nega-
tive correlation between sugar intake and body mass index.
On the other hand, Ludwig and collezgues examined the
relationship between consumption of sugar-sweetened bev-
erages and childhood obesity and concluded that for every
additional serving of sugar-sweetened drink consumed, the
odds of becoming obesge increased by 80 percent (11). Food
consurmption surveys reveal that over the past two decades
Americans have increased their total energy intake, The
incredse has largely been in the form of carbohydrates,
primarily in the form of soft drinks (8,12,13). Guthrie and
Morton found that sugar-sweetenead beverages are by far the
primary source of sdded sugars in the diets of U.S, children
(8). Others have demonstrated that children who are high
consumers of soft drinks have higher energy intakes than
children who are non-consumers {14) and that obese chil-
dren consumer a greater proportion of their total energy
intake from soft drinks in comparison with lean children (15).
Finally, Xeast showed that cbese adults have higher soft
drink infakes in comparison with lean (16}.

These data are of particular concern to individuals who have
the genetic propensity for insulin resistance, since excess body
weight in £his popuiation almost certainly leads to carbohy-
drate intolerance and ultimately type 2 diabetes mellitus.
Insulin resistance, which is an impaired biological response to
the naturally occurring hormone insudin, is & genetic trait
estimated to effect 70-80 million Americans {17). Since many
older children and adults who are overwsight or cbese have
insulin resistance, rumors abound that insulin resistance leads
o obesity. This is a completely unfounded notion. People with
the genetie trait of insulin resistance live a perfectly healthy life
uniess they overeat and markedly decrease their physical
activity. There is no direct connection to carbohydrate foods,
including sugar, and obesity or diabetes mellitus unless exces-
sive consumption of sugar-containing beverages and foods
leads to energy imbalance ang weight gain, Sugar-containing
beverages in particular have been suggested to promote obe-
sity because compensation at subsequent meals for energy
consumed in the form of a liquid ¢ould be less complete than
for energy consumed in the form of solid food (18).

There is a growing view that diets very low in fat (Jess than
20 percent total energy from fat) and high in carbohydrate
precipitate metabolic changes in the lpoprotein profile that
result in atherogenic dysiipidemias (19). High carbohydrate
diets, especially diets high in sugars, have been associated with
increased risk of coronary heart disease (19,203

RECOMMENDATIONS
There is no guestion that intakes of added sweeteners have
increased dramatically in the U.S. over the past twenty years.
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B Boney and edible symups [ Cane-and beet sugar

40 | Teaspoons per person per day

Com sweeteners

Suggested upper daily cbnsumption limit: 12 daily tsp.

0

Economic Research Service, USDA. 1998

FIG 2. Added sugnrs: Food supply servings, 1870-96.

1970 72 47 78 80 82
Food supply servings of added sugars, 1970-1996. The recommended upper limit for a 2200 keal diet is 12 tsp/d.

84 86 88 90 92 94 %6

This has largely been atiributed to increased consumption of
sugar-sweetened beverages. Sugars, in the form of sucrose or
HFCS, have a similar metabolic fate in the body. Growing
evidence is linking excessive.intakes of added sugars with
undesirable health risks of obesity leading to increased inci-
dence of type 2 diabetes mellitus and its complications, espe-
clally cardiovascular disease (21). In addition, at high levels of
added sugars intakes it becomes very difficull to meet micro-

" rutrlent véqrireitisnts front food alone; a5 welras Tecommerns

dations to consume fthe variety of foods that are needed to
ensure dietary adequacy while remaining in energy balance
{(22). There is a role for sugars and HFCS in our facd supply,
but, research is teaching us that we ¢an get too much of a good
{sweet) thing.
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Manufacturing, composition, and applications of fructose’?

L Mark Hanover and John § White

ABSTRACT  High-fructose syrups (HFS) comprise fructose,
dextrose, and minor amounts of oligosaccharides. The predomi-
nant syrups of commerce contain 42% and 55% fructose. HFS
production was made possible by concurrent developments in
refining, isomerization, and separation technologies in the 1960s.
Fruciose contributes many useful physical and functional atiri-
butes to food and beverage apptlications, including sweetness,
flavor enhancement, humectancy, color and flavor development,
freezing-point depression, and osmotic stability. HFS is used ex-
tensively in carbonated beverages, baked goods, canned fruits,
jams and jellies, and dairy products. The use of crystaliine frue-
tose and crystailine fructose syrup have recently expanded from
pharmaceutical and specialty food products to mainstream food
and beverage applications.  Am J Clin Nutr 1993;58(suppi):
7248-7328.

KEY WORDS Fructose, high-fructose syrup, high-fructose
corn syrup, crystalline fructose, crystalline fructose syrup, man-
ufacturing, production, compesition, applications, regulatory
status.

Introduction

Sweeteners have enhanced our enjoyment of food for
thousands of years. Honey was the principal sweetener in the
fhuman diet until sucrose became available after the Crusades.
Both honey and sucrose comprise nearly equal parts fructose and
dextrose {ghucose). The monosaccharides are free in honey, but
linked together through a glycosidic bond in the disaccharide
sucrase (Fig 1).

Starch is a storage potymer of dextrose in many cereals, grains,
and vegetables. The discovery that starch polymers could be de-
polymerized to sweet monomer subunits made dextrose an at-
ractive alternative to sucrose for some applications. However,
lower relative sweetness coupled with unique physical properties
and functionality left dextrose an imperfect replacement for su-
crose in many food and beverage products.

Concurrent advances in refining, isomerization, and separation
technologies in the 1960s made possible the production from
corn statch of high-fructose syrup (HFS) with sweetness equiv-
atent to sucrase. Ease of handling this liquid sweetener and lower
price accelerated the acceptance of HFS by food and beverage
producers. Today, after just 25 y on the market, HFS is consumed
in zmounts nearly equal to sucrose in the United States (1).

Advances in crystallization sechnology within the past decade
led to the commercial availability of dry, erystalline fructose.
This is a remarkable achievement given the poor success of pro-
ducers in drying HFS, using conventioaal techniques.

Although sucrose from sugar beets and starch from rice, wheat,
tapioca, and potato are used in the manufacture of HFS through-
out the world, corn {maize) starch is by far the starch most widely
used for this purpose. Its abundance and agricultural stability
combine to make corn starch a low-cost raw material for the
production of HFS in many countries (2},

This paper outlines the basic developments and techniques used
in milling, refining, and crystallizing fructose sweeteners from corn;
compares the composition and physical properties of commercially
available products, and discusses their unique functional properties,
uses, handling requirements, and regulatory status.

Manufacturing

The production of HFS requires the following manufacturing
steps: 1) wet milling corn to extract the starch, 2) saccharification
and fiquefaction to hydrolyze polymer starch to monomer dex-
trose, 3) isomerization to convert dextrose o fructose, and 4)
fractionation to enrich the concentration of fructose in the isom-
erization product stream. An additional step of crystallization is
required for the production of dry, crystailine fructose. Unit op-
erations comprising each manufacturing step will be discussed
in detail in the sections that follow.

Corn wet milling

Corn is an abundant source of starch, as shown in Table 1.
Starch comprises > 60% of the total weight of the com kernel
(> 70% on a dry basis). A high-molecular-weight polymer of
dextrose, starch is stored in granules within the endosperm of the
kernel (Fig 2), where it provides energy for the germinating seed.
Starch consisting sclely of straight-chain polymers of dextrose
linked by a-1,4 bonds is called amylose. Amylopectin is the
name given to starch polymers cantaining branches linked to the
linear backbone via &-1,6 bonds. Corn varieties differ greatly in
the ratio of amylose to amylopectin: waxy corn starch is virtually
ali amylopectin, normal dent corn contains nearly 30% amylose,
and high-amylose corn contains 60-70% amylose. Normal dent
corn is the variety most commonly used for the production of
fructose syrups.

The objective of the wet-milling process is to separate starch
from other comn by-products like protein, oil. and fiber. The iso-

! From AE Staley Manufacturing Company, Research and Develop-
ment Division, Decatur, 11

* Address reprint requests to JS White, AE Staley Manufacturing
Company, Research and Development Division, 2200 East Eldorado
Street, Decatur, TL 623525,
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Sucrose

CE:Hng ,OH

|
OH

Fructose

Dextrose

FIG 1. Chemical structures of sucrose (a disaccharide), dextrose, and
fructose {monosaccharides), illustrating the conversion of dextrose to
fructuse by isomerization.

lated starch is a feedstock for a host of preducts including mod-
ified starch, dextrin. cyclodextrin. maltodextrin, corn syrup, ghi-
cose syrup. hiquid and crystalline dextrose. HFS, and crystalline
fructose. A typical corn wet-milling process is illustrated in Fig-
ure 2. The purpose of each step is briefly outlined below. For
further details on the wet-milling process, see reference 3.

Sieeping. Shelled corn is siurried {steeped) up to 4 d in warm
(52 °C) water containing a low- concentration of sulfur dioxide
(0.01-0.02%) in preparation for milling. During this time the
corn hull softens. the protein (gluten) matrix anchoring starch
granules in plice is denatured, and soluble sugars and nutrients
in the kerne! diffuse into the steep water. Sulfur dioxide is an
effective protein denaturant and also functions to restrict micro-
biological fermentation.

Germ separation. The embryenic, oil-rich portion of the kernel
is called the germ: it is the first by-product to be recovered.
Steeped corn is dewatered and then passed through coarse grind-
ing mills to break the kernel and free the germ, When broken
kernels are reslurried. the loosened germ separates from the rest
of the kernel because of its low relatively buoyant density. Sep-
aration is completed either with flotation tanks or hydroclone
separaiors. Isolated germs are washed, dewatered, and dried be-
fore the oil is recovered through pressing and solvent extraction.

Fiber separation. Free fiber (corn hull) is removed from starch
and gluten by using wire screens. Roughly one-third of the starch
separation remains bound 1o the fiber however, and requires gen-
tle buffeting in a disk mill to free it. Starch is recovered from the
milied slurry by further washing and screening. The dilute fiber
stream is concentrated by dewatering with screen centrifuges,
screened reels, screw presses, or horizontal belt presses.

Starch separation. Protein, starch, and residual corn solubles
are all that remain in the shurry after the fiber is removed. The
difference in buoyant density between starch and protein is ex-
ploited to separate these two components by using *‘mud’” cen-
trifuges (so named because of the proteinaceous sludge that sep-
arates from the starch). Nearly 95% of the protein is recovered
in this step.

TABLE |
Yield from a typical bushel (0.04 m*} of corn

Proportion by weight Weipght

% kg (b

Starch 61.0 15.51 (34.2)
Feed 192 4.85 (30.7)
Qil 38 0.95 2.1
Water 16.0 4.08 (9.0)
Total 100.0 25.39 (56.0)

Washing. Starch washing is the final step in the milling pro-
cess. It reduces residual impurities in the starch slurry through a
series of washing and hydroclone centrifuge steps. The resultant
starch shurry is of sufficient purity to serve as the starting material
for fructose syrup refining.

Two important commercial by-products for the corn wet miller
are corn gluten meal and gluten feed (4). Gluten meal is 2 high-
protein, high-energy feed consisting primarily of gluten (insolu-
ble protein) and residual amounts of starch and fiber. It aiso con-
tains xanthophy!, a yellow pigment prized by pouitry producers
as & feed ingredient for coloring chicken. Gluten is dewatered,
dried to = 12% moisture, and sold in meal form. The mixture of
concentrated steep water solubles and fiber is called gluten feed.
It has a nutrient profile valued by cattle, poultry, and swine pro-
ducers, Gluten feed is sold in dried, pelleted form.

HFS refining

The purpose of the refining process is to make functional syrup
products of high purity from the starch siarting material produced
in the wet milling process. The refining process for HFS, illus-
trated in Figure 3, consists of acid-enzyme hydrolysis of starch.
enzymatic isomerization of dextrose, chromatographic separation
of isomerization products, and blending of separation streams 10
final product specifications. The concurrent availability of com-
mercial-scale enzymes for isomerization, methods for immabi-
lizing isomerase, and the development of fractionation technol-
ogy to separate isomerization products made possible the pro-

Hull & Fiber

Germ

Shetled Corn
Steaip Tankg i Stoopwator

| . o
Qerm Separatorg ~— Ciorit
Grinding Mills &
Screens Hulls ¢ Fibers
Centrifugal s
Sep?raiors e Giuten rere EEED
Hydroclons !
Starch Waehing STARCH

FIG 2. Cross-section of a corn kernel and typical com wet-miliing
process scheme.,
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STf-‘sIRCH

HYDROLYSIS
DEXTROSE

[\SOMERIZATION |

42% HFCS

e

CHROMATOGRAPHIC}
FRUCTOSE ‘

L

ENRICHMENT |

0% HFCS~[CRYSTALLIZATION

ety [BLEND
CRYSTALLINE
55% MECS FRUCTOSE

FIG 3. Typical refining process for convesting corn starch to high-
fructose corn syrup (HFCS} and crystalline fructose.

duction of HFS in the late 1960s. Unit processes are described
below; the reader is referred to the seview of HFS refining in
reference (5) for further detail.

The manufacture of HFS requires the complete depolymer-

ization of starch to its constituent menosaccharide, dextrose. Sac--

charification and liquefaction are names for the hydrolysis reac-
tions used to accomplish this. Starch from wet milling is prepared
for hydrolysis by a process called jetiing: the starch slurry is
pumped under high pressure through a small orifice with simul-
taneous injection of steam. This ruptures densely packed starch
granules and hydrates liberated starch, permitting access to starch
polymers by acid and hydrolytic enzymes.

Saccharification. Hydrolysis of the starch polymer to eligo-
mers of intermediate molecular weight is initiated with dilute
mineral acid or the enzymes a- and fS-amylase. Mineral acid and
a-amylase make random breaks in the starch backbone, produc-
ing soluble oligosaccharides and refatively small amounts of low-
and medium-molecular-weight saccharides. Beta-amylase re-
leases disaccharide units of dextrose (maltose) as it hydrolyzes
starch.

Liguefaction. Glucoamylase completes the enzymatic hydroly-
sis of di- and oligomeric products of amylase by breaking the a-
1,4 and a-1,6 bonds that join consecutive dextrose units. Dex-
trose produced by the proper combination of acid and/or enzymes
exceeds 95% and provides an excellent substrate for isomeriza-
tion.

Isomerization. The next major refining step in producing HFS
is the isomerization of dextrose 1o fructose. Lobry de Bruyn and
van Ekenstein (6, 7) demonstrated in 1895 that dextrose is isom-
erized to fructose via an enediol intermediate. Whereas alkali (eg,
sodium hydroxide} will isomerize dextrose to fructose, this cat-
alyst produces unacceptably high color and flavor with low fruc-
tose vield, and is not commercially viabie. This is due in large
measure to the iability of the fructose molecule and its suscep-
tibility to degradation under these rather harsh conditions. Early
atiempts to enzymatically isomerize dextrose to fructose were

hampered by the complex biochemical pathway linking the fwo
sugars and the expense in regenerating essential cofactors. Ak-
abori et al (8) discovered a glicose isomerase (actually a xylose
isomerase with affinity both for dextrose and xylose) able to cat-
alyze the conversion of dextrose to fructose without the need for
cofactor regeneration. Takasaki et al (9, 10) greatly improved the
economics of enzyme catalysis by immaobilizing the enzyme. Ac-
tinoplanes missouriensis, Bacillus coagulans, Flavobacterium
arborescens, and Streptomyces are all microbiological sources of
glucose isomerase. This enzyme today remains one of the largest
industrial uses for immobilization technology worldwide.

Fractionation. The amount of fructose enzymatically produced
From dextrose at 60 °C, a practical processing temperature, is
restricted by an equilibrium constant of = 1 (11). Theoreticaily.
the highest fructose yield possible from the 94% dextrose feed
stream is 47% at equilibrivm. Manufacturing plants typically set-
tle for yields < 42% because of the amount of enzyme and re-
actor time required 1o achieve equilibrium fructose concentra-
tions. The first immobilized isomerase reactors, in use by 1968,
produced fructose yields of 42%. Trained sensory panelists
judged the sweetness of this fructose syrup to be approximately
nine-tenths the sweetness of sucrose at 10% solids and room
temperature. HFS-42 thus became the first generation fructose
syrup of commerce.

A higher fructose conient was required before HFS couid
match the sweetness of sucrose at amounts typically used as bev-
erage-sweetener solids. Available chromatographic separation
technology using activated carbon or iron oxide gave low dex-
trose:fructose separation efficiencies. However, the possibility of
replacing higher-priced sucrose in the lucrative carbonated-bev-
erage industry provided tremendous economic incentive for the
development of a commercially viable fructose-enrichment pro-
cess. Mitsubishi Chemical Industries developed a process in
which fructose is separated from dextrose and other isomeriza-
tion products by virtue of its greater affinity for the calcium salt
form of strong-acid, cation-exchange resin (12). The progress of
fructose through the chromatography column is retarded relative
1o that of dextrose and the separation is zccomplished. Using the
Mitsubishi process and the simpie blending scheme illustrated in
Figure 3, Japanese and US manufacturers were producing HFS
containing 55% fructose by the late 1970s. HFS-55 was adopted
by the carbonated-beverage industry and becarne the predomi-
nant sweetener in colas by late 1984,

Fructose crystallization

The solubility of fructose at 25 °C is 4 g/per g H20. As shown
in Table 2, this represents the highest solubility of most, if not
all, sugars and sugar alcohols. It is for this reason that fructose
is so difficult to crystallize from aqueous solution,

One patented process that was developed by T Kusch et 21 (13)
produced a solidified crystalling mass from a concentrated (95%)
solution. When cooled it formed 2 stable, storable anhydrous
fructose. The resultant glass-like material was, however, ex-
tremely hygroscopic and deliguesced in humid conditions. Sev-
eral processes were subsequently patented for the production of
a fructose product in its most stable, pure crystalline form. These
patents included crystallization from methanol (14}, ethanol (15),
and water. The US patent by Frosberg et sl (16) was one of the
first to describe an agueous sysiem.

The aqueous systems did have advantages over solvent-based
systems, including lower solvent expenses and no problems.with
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TABLE 2
Comparisor: of water activity of saturated solution and solubility at
25 °C for selected crystalline sugar and polyo! compounds

TABLE 4
Typical composition of crystalline fructose and crystalline fructose
syrup

Water activity Solubility Crystailine Crystalline
Crystalline compound at25°C at 25 °C fructose fructose syrup
glg water Solids (%} 9.5 710
) Moisture (%) ={.5 23.0
Mannitol 0977 0.22 Carbohydates
Maliose 0.952 0.85 (dry solids basis)
Lactose (monohydrate) 0.931 0.23 Fructose (%) =995 =995
Dextrose {monohydrate) 0.89t i.04 Dextrose (%) <05 =05
Sucr‘,’se 0.844 2.07 Oligosaccharides (%) Trace {0 none Trace to nose
Sorbitol (gamma) 0.725 2.7 Ash, sulfated (%) =01 =01
Fructose 0.634 4

residual solvent or solvent disposal. The most successful crys-
tallization processes in use today are based on the crystallization
of fructose from agqueous sclution. They utilize various combi-
nations of concentration under atmospheric or reduced-pressure
corditions and seeding 1o initiate crystallization, followed by a
cooling step to allow for crystal growth. Batch and continuous
crystallization processes have been devised that incorporate pre-
programmed concentrating, cooling, warming, and recooling cy-
cles. The resultant crystals are then harvested from the crystal-
lizers and are often washed to ensure that any traces of the sat-
urated fructose solution are removed from the surface of the
crystal. The crystals are then exposed to a further drying step to
remove surface moisture before being put inte bags, totes (0.9
metric lons, palletized bags), or railcars for storage and/or ship-
ment.

Compositien

Products

‘The primary reason for the production and uitimate consump-
tion of fructose is its sweetness. Before the relatively recent tech-
nological advances that made the production of fructose from
corn economically feasibie, highly concentrated sources of fruc-

tose were limited. The major sources were honey {containing

TABLE 3
Typical composition of high-fructose-syrup (HFS) producis™

HF§-42 HFS-55 HFS-80 HFS-95

Solids (%) 7.0 7.0 71.6 7.0
Moisture (%) 290 23.0 230 23.0
pH 4.0 35 35 35
Carbohydrates
(dry solids basis)

Fructose {76) 42 55 80 95

Dextrose (%) 53 42 I8 4

Oligesaccharides (%) 5 3 p 1
Ash, sulfated (%) 0.05 045 0.03 0,03
Sulfur dioxide {ppm) 2 2 e —

* Adapted from technical data sheets (AE Staley Manufacturing Co,
Decatur, IL: Cargill, Minneapolis; and ADM Corn Sweeteners, Decatur,
L)

= 50% fructose, solids basis) and & variety of invert sugar prod-
ucts ranging in fructose content from 20% to 30%.

Several different HFS products were initially developed in re-
sponse to the needs of the soft drink market, Afier extensive
testing and process optimization leading to improved economics,
syrup containing 55% fructose was determined to be the product
of choice. There is a relatively small market for very high fruc-
tose syrups—those containing 80-95% fructose. These syrups
have found limited application primarily because of cost and in-
stability. Table 3 presents typical composition values for HFS-
42, -55, -80, and -95.

Within the iasi 5 v a third gencration of fructose sweeiener,
crystalline fructose, has grown significantly. it is produced in the
United States from the 95% fructose fractionation product by
crystallization. Elsewhere in the warld, crystalline fructose is
made from sucrose. The crystallization process offers advantages
of a product in the dry form and very pure in fructose content,
with no measurable amounts of other saccharides present. Table
4 gives typical composition data for crystalline fructose as well
as for its crystafline fructose syrup counterpart, which is pro-
duced by dissolving crystalline fructose in waier.

Physical properties

HFS products are produced and sold as liquids. Values for
several essential properties of these syrups are given in Table 5.

TABLE §
Physical properties of high-fructose-syrup (HFS) products®

HFS-42 HFS.55 HFS-90 HF5-95

Density {kg/m* at 37.77 °C)

As is 1333.67 137321 138399 138519
Solids 946.63 105687 1054.47 1066.45
Refractive index (at 20 °C) 1.464 1.4786 — —
Viscosity (Pa-s)
27 °C 0.160 0.760 — 0,575
2°C G.100 0.520 —_— 0.360
38 °C 0.075 0.360 — 0.220
43 °C 0,052 0.240 —_ —
49 °C 0.035 0.160 — —
Color (RBUY =25 =25 = 15 = 25

* Adapted from technical data sheets (AE Staley Manufacturing Co,
Decatur, IL; Cargill, Minneapolis, and ADM Com Sweeteners, Decatur,
iL).

1 Reference basis units.
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These products are generally described as clear or water-white.
The refining processes the syrups are exposed to {carbon and ion
exchange) remove most of the color in the product, as well as
many trace-level compounds in the syrups that can lead to later
color deveiopment. In syrups containing higher amounts of dex-
trose (HFS-42), the dextrose can crystaliize under certain time
and temperature conditicns. This crystatlization is reversible with
the application of heat and, therefore, does not usually interfere
with the final syrup application.

Crystalline fructose products are presently produced and sold
in the United Sfates in three physical forms: powdered (90%
through a US 200-mesh screen) and products with an average
particte size of 300 and 450 pm. The powdered product contains
a flow agent, because fructose is very hygroscopic and tends to
adsorb moisture from its environment, which can lead to caking
or lumping problems. Crystalline fructose syrup is similar in
physical properties to traditional HFS products. it kas the advan-
tages, however, of greater sweetness, purity, and improved color
stability (17). Both crystalline and crystalline fructose syrup
products are being introduced as key ingredients into food and
beverage applications. The reasons for this, as will be discussed
in the following section, go beyond the value of fructose as a
sweetener.

Applications

Functional properties

Fructose and fructose-containing syrups generally exhibit muf-
tiple functional properties when used in a food or beverage prod-
uet, These functional properties may be attributed either 1o the

" chemical or physical properties of the fruciose itself, or 1o the

interaction of fructose with the food or beverage system.

The primary reason that fructose is used in the formulation of
food and beverage products is because of its sweetness. It is the
sweetest of all naturally occurring carbohydrates. Table § shows

TABLE S
Sweetness of selected sweeteners relative to sucrose™

Sweetener Relative sweetness
50% fructose + 50% sucrose 128
Fructose 117
invert sugar 109
HFS-80 106
Sucrose 100
HFS-55 99
HFS-42 g2
Dextrose 67
Corn syrups
95 DE (high dextrose) 63
63 DE 45
50 DE (high maltose) 35
43 DE 34
43 DE (high maltose) 33
36 DE 30
26 DE < 30

* Comparisons made between samples at 10% solids and room tem-
perature relative to sucrose {relative sweetness = 100). DE, dextrose
equivalents [the chemical reducing capacity relative to dextrose (DE
= 1003},

", Fructose

%, Sucrose

Intensity

\Dextrose

Timeg —w———

FIG 4. Comparative sweetness-intensity profiles for fructose, dex-
trose, and sucrose (23).

the sweetness of fructose relative to sucrose (relative sweetness)
in an aqueous system at 10% dry solids and room temperalure to
be 117. Sucrose (table sugar) has been assigned the baseline
value of 100. The positive relative sweetness of fructose-con-
taining syrups varies according to the fructose conceniration of
the sweetener, because the relative sweetness of dextrose at 67
is lower than that of sucrose at 100. HFS-55. developed as a
replacement for sucrose in many applications, has a relative
sweetness of 99—nearly identical to sucrose.

Sweeiness is system dependent. ie. the perceived sweetness in
a food or beverage system depends on several factors, including
temperature (18), pH, solids content. and the presence of other
sweeteners. Fructose exhibits a synergy with other sweeleners
present in a-formulation (Table 6): the relative sweetness of a 50/
50 fructose-sucrose mixture is 128 (19). Similar synergies occur
when fructose is used in combination with aspartame (20). sac-
charin (21), and/or sucralose (22). This synergy allows a for-
mulator to either obtain higher degrees of sweetness in the fin-
ished product without increasing the total level of sweeteners. or
to retain a satisfactory degree of sweetness while reducing the
amount of sweeteners used and the cost. Either way, fructose both
sweetens and improves the sweetness profile.

The sweetness intensity profile of fructose is different from
those of sucrose and dextrose, as shown in Figure 4, The sweet-
ness of fructose is perceived earlier than that of sucrose or dex-
trose, and the taste sensation reaches a peak (higher than sucrose)
and diminishes more quickly than sucrose. Because of this, use
of fructose often results in an enhancement of other flavors in the
system. Many flavors such as fruit, some spices. and acids comne
through more clearly and distinctly after the fructose sweetness
dissipates, because they are not masked by the lingering sweet-
ness of sucrose. Thus, fructose may improve the flavor profile
and possibly even reduce costs for these flavors.

Fructose and dextrose, the major components of HFS, are both
monosaccharides. Because of their colligative properties, which
depend only on the concentration of particles present and not or
their nature, these monosaccharides function inherently differ-
ently than does the disaccharide sucrose or the oligosaccharides
in regular corn syrups. The smaller molecule of fructose, for ex-
ample, creates higher osmotic pressures and lower water activi-
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ties in food systems than does the disaccharide sucrose or sugars
of larger molecular weighis. Table 2 shows the effect on water
activity of various sugars and humectants. Achieving a lower
water activity allows the food formulator te achieve greater mi-
crobial stability without removing moisture that is necessary for
texture and eating quality.

Table 2 also shows the solubility of fructose, Its high degree
of solubility affects the control of moisture in systems in which
it is used. Fructose is hygroscopic, which means it readily adsorbs
water from its environment. Fructose begins to adsorb water at
= 55% relative humidity (RH), whereas sucrose adsorbs mois-
ture in environments = 65% RHE. Among the advantages of fruc-
tose compared with many other sugars (eg, sucrose and dextrose)
are that it will not easily crystallize when at high concentrations
or lose moisture at low RHs. Fructose is an excellent humectant,
meaning that it retains moisture for a long period of time even
at low RH. This humectant property can be used to impart im-
proved eating quality, better texture, and longer shelf-life to the
food products in which it is used. The use of fructose with other
sugars can also help control unwanted crystallization.

Another property fructose imparts. again because of its rela-
tively small molecular weight, is depression of the freezing point
of a food. Fructose {and dextrose} wilt lower the freezing point
more thanr will di- or oligosaccharides. In systems in which this
may be undesirable, such as soft-serve or hard-frozen dairy des-
serts, care must be taken to balance the formulation with sugars
of higher molecular weights (eg, corn syrups) or fo add the cor-
rect combinations of gums and stabilizers. In other products.
however, freezing-point depression can be used to an advantage.
Depressing the freezing point of frozen fruit, for example, helps
protect the integrity of the fruit pieces by reducing damaging ice-
crystal formation {24).

Fructose and dextrose are iechnically termed reducing sugars,
whereas sucrose is a non-reducing sugar. The presence of reduc-
ing sugars in a formulation is important when one is trying to
develop color via the classical Maillard browning reaction. Bak-
ers depend on this reaction to give bread crust its distinctive
brown color and to provide a baked color to microwaved prod-
ucts. The reducing property is also useful in maintaining the
bright red color of tomato catsup and strawberry preserves (25),
The browning reaction can be controlled to some extent by ma-
nipulation of pH and/or time and temperature of processing and
storage.

Fructose provides additional functional properties o specific
food systems beyond those already discussed. For example, fruc-
tose enhances starch functionality in food systems. As the curves
in Figure 5 demonstrate, fructose causes viscosity to develop
more quickly and the system to achieve a higher final viscosity
compared with sucrose. In products that require the starch to
cook, fructose will fower the temperature required to gelatinize
the starch and ultimately cause a higher final viscosity 10 be de-
veloped. This temperature-gelation effect was reported by White
and Lauer (26) in model baking systems. Adjustments had to be
made in fructose product formulas to compensate for the altered
flour starch gelatinization femperature to obtain a finished prod-
uct with volume comparable with that of the sucrose control.

In summary, fructose and fructose-containing syrups contrib-
ute high sweetness and flavor-enhancement properties 1o food
and beverage products. Fructose also affects the management of
moisture in the system through its humectant and osmotic pres-
sure properties and by affecting the final water activity of the

> e es®

SUCTDEE

Pa-s

T T T i T 1
o 0 20 e 40 50 &0

Time, minutes

FIG 5. Viscosity of pudding prepared with STARCO 447 and various
sweeteners, (STARCO is a tradename of the AE Staley Manufacturing
Company, Decater, IL, for one of its pregelatinized tapioca starches.)

product. These functionat properties lead to product or process
benefits for the manufacturers and consumers of food and bev-
erages. Examples of many applications for HFS and crystalline
fructose will be found in the next two sections.

HFS applications

Sucrose is a disaccharide comprising equimotlar ratios of dex-
trose and fructose, covalently bonded together. In several major
product applications of sucrose, the disaccharide is hydrolyzed
1o monomeric subunits through a process called inversion. In-
version is catalyzed either by the low pH of the product. as in
carbonated beverages, or through the action of yeast enzymes, as
in baked goods. Because the carbohydrate profite of HFS closely
resembles that of an invert sugar, both of these applications be-
came logical targets for HFS when fructose-containing syrups
were first introduced.

The major applications for HFS are now carbonated beverages
and raised bakery products. Bakers found that HFS gave them
finished products nearly identical to those sweetened with su-
crose, was more economical to use, and was easier to handle than
was sucrose. Because HFS can be obtained at higher solids levels
than liquid sucrose. less space is needed fo store an equivalent
amount of sweetener solids. HFS is also extremely resistant 1o
microbial spoilage because of the higher solids level and the
higher osmotic pressure generated by the monosaccharides. In
processing planis where the possibility of airborn yeast exists.
this stability was readily welcomed.

The carbonaied beverage industiry is the largest user of HFS-
42 and -55. The 42% fructose product is used primarily in non-
cola beverages, often acidified with an organic acid system that
is easier to sweeten. Many cola systems, however, use phosphoric
acid, which requires the higher sweetness of HFS-55 to give the
correct flavor balance; altermatively, an increased amount of
HFS-42 may also be used. The carbonated beverage industry was
a major contributor to the improvement in quality of HFS prod-
ucts that has taken place in the last 10 y. The National Soft Drink
Association developed stringent guidelines, complete with ap-
proved testing methodology for color, taste, odor, floc, ash, fruc-
1ose, other carbohydrate amounts, and microbiological standards.
These guidelines are universally employed and have served io
continually improve the quality of HFS. As a result, > S0% of
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energy-coniaining carbonated beverages produced in the United
States are sweetened with HFS.

Flavor enhancement and a natural compatibility with fruit fla-
vors are two reasons the fruit-canning industry has become the
third major user of HFS, behind carbonated beverages and baking
industries. HFS is frequently blended with liquid sugar and corn
syrups to get the right balance of sweetness and fruit flavor. Comn
syrups help add eye appeal to the fruit by imparnting a shiny,
glossy surface appearance when the fruit is served in a dish or
tray. HFS-42 is primarily used, again because of its economy and
compatibility with organic acid systems.

HFS is used extensively as a2 sweetener in dairy products like
yogurt, chocolate milk, and ice cream. Quality and economy are
once more the primary reasons, in addition to improved flavor
perception and rapid fermentability in yogurt, and mouthfee] and
viscosity in ice cream and chocolate mitk. The makers of jams,
jellies, and preserves are alse major users of HFS. High-solids
systems can be formulated by using HFS and comn syrups without
the storage problem of crystallization common to sucrose and
dextrose. HFS again enhances fruit flavors and stabilizes the
color in these products throughout their storage life,

Crystalline fructose applications

Applications for HFS are quite extensive and include every
conceivable food and beverage product with the exception of
those requiring a dry sweetener: &g, carbonated a2nd noncarbon-
ated beverages, baked and canned products, condiments (eg, cat-
sup and sauces}, confections, dairy products {eg, ice cream, choc-
olate mitk, and yogur}, fruit packs (frozen), jams, jellies,
preserves, meat products, pickles, reduced-energy products
(HFS-95), tobaceo, and wine. Crystalline fructose was introduced
in 1986 by the AE Staley Manufacturing Company to meet dry-
sweetener formulation needs of the food industry.

Crystailine fructose was positioned early as a nutritionally ad-
vantageous sweetener because of the way it is metabolized by
the body. Therefore, many of the products first sold that con-
tained crystalline fructose were those that weat to diet or health-
consciots consumers. These included various powdered diet bev-
erages and meal supplements, nutritional candy bars, and other
specialty food items. These applications were successful in iniro-
ducing fructose to many consumers, but crystalline fructose was
not considered to be an ingredient for mainstream food products
primarily because of its high cost relative to sugar and dextrose.
The development of the technology for crystallization of fructose
from HFS-90 led to the commercialization of fructose on a larger
scale and at a lower cost than was previously possible.

Application areas for crystalline fructose now include dry mix
beverages, for which the intense sweetness of fructose allows for
a reduction in fotal sweetener content and a parallel reduction in
energy. Energy reduction, simple-sugar reduction, and flavor pro-
file enhancement are three popular formulation trends that fruc-
tose can favorably impact. Other applications that capitalize on
the sweetener synergy 1o reduce energy include “‘lite”’ pancake
symaps and ‘‘Hite’’ carbonated beverages. The use of crystalline
fructose and sucrose in these producis can reduce the emergy
vajue by at least one-third, gualifying it for 2 reduced-energy
label. Other application arcas include breakfast cereals (flavor
enhancement, sweetness synergy); yogurt, chocolate milk, and
egg nog (flavor enhancement, energy reduction); baked goods
(humectancy, starch synergy, flavor enmhancement); fruit packs
(Aavor enhancement, storage stability); energy supplement in

HANOVER AND WHITE

sports drinks (solubility, flavor enhancement, sweetness); and
confections (sweetness, starch synergy, humectancy). Crystaliine
fructose and crystalline fructose syrup add a new dimension to
food and beverage product development that can aliow formu-
lators to improve their existing products, formulate new product
concepts, improve their manufacturing processes, and/or reduce
Costs.

Handling requirements

HFS

HFS can be stored and handled in most corn syrup or liquid
sugar systems. Stainless stecl, milled steel coated with a non-
reactive material, or combinations of these materials may be used
for tanks and pipes, whereas steel and cast iron are suitable for
accessory valves, meters, fittings, and pumping eguipment. Alu-
riinum may be used for pipes and fittings but is not recommended
for tank shells.

It is recommended that HFS-42 be stored within a temperature
range of 3541 °C. At temperatures < 35 °C, the possibility of
dextrose crystallization becomes much greater, Although this
crystallization is reversible with the application of heat, it does
present a processing problem that can be time-consuming to re-
solve, especially if the location is not equipped or if there is
insufficient time to rectify it. At temperatures > 41 °C HFS will
increase in color, going from water white to straw yellow or
darker. HFS-55 can be stored at lower ternperatures, 24-29 °C,
because the possibility of dextrose crystallization is much less
because of the reduced concentration of dextrose in the prod-
uct. Once again, color development can occur at temperatures
> 28°C,

As previously discussed, the high osmaotic pressure exerted by
the monosaccharides and high solids in HFS help prevent micro-
bial spoilage. In fact, whereas HFS-42 is bacteriostatic, HF5-55
is bactericidal. To ensure stability in storage, however, it is rec-

TABLE 7
Food Chemicals Codex requirements for high-fructose syrup (HFS)*

Description, *‘High fructose [com] syrup is a sweet, nutritive
saccharitde mixture prepared as a clear aqueous sotution from high
dextrose equivalent [corn] starch hydrolysate by the partial
enzymatic conversion of glucose (dextrose) to fructose, using an
insoluble glucose isomerase preparation complying with 21CFR
184.1372 that has been grown in a pure culture fermentation that
produces no antibiotics. It 2 water-white to light-yeliow, somewhat
viscous liquid that darkens at high temperatures, It is miscible in
all proportions with water.”

Assay. **Not less than 97% total saccharides, expressed as a percent
of solids, of which not less than 51% nor more than 55% consists
of glucose, and not more than 7% consists of other saccharides.””

Arsenic (as As) Not more than | mg/kg

Color Within the range specified by the vendor.
Heavy metais (Pb) Not more than 5 mgikg.

Lead Not more than 0.5 mg/kg.

Residue on ignition Mot more than 0.05%.

Total solids Mot iess than 70%.

Sulfur dioxide Not more than 0.003%.

* Adapted from requirements for high-fructose corn syrup (HFS) in
references {29, 30).
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TABLE B
Food Chemicals Codex requirements for crystalline fructose®

Descriprion. **Fructose oceurs as white, hygroscopic, odorless, purified
crystals or as 2 purified crysialiine powder having a sweet taste. It is
a natural constituent of fruit {hence, the name *'fruit sugar’”) and is
obtained from glucose in corn syrup by the end use of glucose
isomerase, Its density is about 1.6. It is soluble in methano! and in
ethanol, freely soluble in water and insoluble in ether.”

Assay. **Not less than 98,0% and not more than 102.0% fructose
(CoH,20,), after drying.””

Arsenic {as As)
Chloride

Glucose

Heavy metals {as Pb)
Hydroxymethylfurfural

Not more than T ppm.

Not more than (.018%.

Not more than 0.5%.

Not more than 5 mg/hkg.

Not more than 0.1%, calculated on the
dried basis.

Lead Not more than 0.1 mg/kg.

Loss on drying Not more than 0.5%.

Residue or ignition Not more than 0.5%.

Sulfate Not more than 0.025%.

* Adapted from references (30 and 31).

ommended that storage tanks be equipped with 2 combination
surface blower unit and ultraviolet (UV) light. The blower unit
will keep the surface of the syrup from becoming diluted by
condensation running downoff the top of the tank. Condensation
can dilute the solids fevel of the top few inches of the HFS low
enough to allow microbial spoilage to occur, particularly from
yeast and mold. UV light adds extra insurance to minimize risk
of microbial contamination at the surface.

Crystalline fruciose and crystalline fructose syrup

“The most jmportant factor in storing and handling crystalline
fructose is the RH. It is recommended that bulk handling of crys-
talline fructose be done only in conditioned air systems with an
RH of < 55% and a maximum temperature of 24 °C. These con-
ditions are being successfully applied to handle bulk fructose
from railcars and throughout customers’ plants. Bagged fructose
should be stored under similar conditions to prevent subsequent
caking and flow problems with the product, Most bagged fructose
is presently being packed in foil-lined paper bags to ensure min-
imal transfer of moisture to the product. Crystalline fructose
syrup can be stored under similar conditions to those for HFS-
55, The recommended storage temperature for crystalline fruc-
tose syrap is 2129 °C. Crystalline fructose syrup can be held
without any fear of crystailization and is very stable microbiaily
as well.

Regulatory status

Fructose in one form or ancther is obviously used in food
supplies woridwide. Few countries, if any, have taken specific
steps to approve of otherwise regulate various fructose-contain.
ing food ingredients by law or implementing regulation. HFS,
crysialline fructose, and other fructose-containing ingredients
have simply been considered, like sucrose, o be de facto gen-
erally recognized as safe (GRAS).

HFS

In the United States, HFSs are affirmed by regulation as GRAS
for their current nses, in 1988 the Food and Drug Administration
proposed to recognize the long history of safety for fructose and
reaffirm the GRAS status of HFS as a direct human food ingre-
dient (27). The petition is specific for HF$-42, but may include
HFS-35 on review of its additional processing steps. For further
information, see reference 28, Food Chemicals Codex require-
ments for high fructose corn syrup are listed in Table 7 (29, 30}

Crystalline fructose

The Food Chemicals Codex (30, 31) and United States Phar-
macopeia (32) define fructose as containing not less than 98% or
more than 102% fructose (on the basis of anaiytical variancej,
and not more than 0.5% glucose. This definition is met only by
crystalline fructose and crystaliine fructose syrup. Food Chemi-
cals Codex requitements for crysialline fructose are listed in Ta-
ble 8. The Codex Alimentarius Commission describes fructose
as “‘purified and crystallized p-a-fructose’” (33). These require-
ments are met only by crystatline fructose,
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Highs and Lows of High Fructose
Corn Syrup

A Report From the Center for Food and Nutrition Policy and
Its Ceres® Workshop

Gayle L. Hein, BS
Maureen L. Storey, PhD

Since the early 1580s, the prevalence of overwsight/ohesity in
the US population, as well as per capita consumption of high
fructese corn syrup {HFCS), has increased. Although some
public health researchers and administrators hypothesize that
these 2 frends are directly related, current research published
in the scientific literature does not support a cause-effect
refationship betwser HFCS consumption and overweight/
chesity rates. Some explanations for the popularity of these
unsupported hypotheses may be due to confesion concerning
the compesitional differences, or lack thereof, hetwesn HFCS,
sucrose, and other sweeteners. In addition, failure among
individuals in the scientific community to distinguish between
HFCS and “com syrup” may exacerbate the confusion. Before
any relationship between HFCS consumption and overweight/
ohesity can be examined, more information concerning curent
tevels of HFCS in the food supply, as well as individual-level
HFCS censumption, must be established.

poputation has steadily increased since the early

1980s.1% Presently, about 64% of all Americans are
overweight, with more than 30% of these individuals
classified as obese. Children and adeolescents also are
increasingly overweight. About 15% of the US popularion
aged 6 to 19 vears are currently overweight, almost
double the rate of the past two decades.” A recent
assessment estimated that obesity-related morbidiry
accounts for approximately 9.4% of total healthcare
expenditures in the United States.*

The prevalence of overweight/obesity in the US

John 8. White, PhD
David R, Lineback, PhD

Due w increased public awareness of the US obesity
“epidemic,” the scientific community, governmernt
agencies, and politicians have focused their attention on
determining the causes of and solutions to this relatively
recent and pervasive trend, Although many hypotheses
have been proposed, including the venerable “energy
balance” explanation, an increasingly popular approach is
to blame a specific food or food ingredient for the rise in
overweight/obesity in the US population. However,-this
clearly is an oversimplification because there are many
variables that contribute to obesity. During the same
period thal Americans were becoming increasingly
overweight/obese, the proportion of high fructese com
syrup (HFCS) consumed as part of the American diet was
also increasing. In 1970-1974, the per capita annual
average HECS consumption was only 1.5 pounds,” with
consumption gradually increasing to 27.4 pounds® in
1980-1984. By 2000, the per capita annual average HFCS
consumption in the United States was 62.7 pounds.*
During the same period, sucrose (refined cane and beet
sugar; consumption decreased from 100.5 to 65.6
pounds.** According to USDA's Economic Research
Service, however, the daily average intake of HFCS has
declined in the United States since reaching record-level
highs in 1999.° Because the proliferation of HFCS in the
US food supply roughly follows the rising overweight/
obesity trend in the population, some researchers
hypothesize that HFCS has played a significant role in
America’s overweight/obestty epidemic.”®

Manulacturing Breakthroughs in the
1970s Led to Greater Use of HFCS

Until the late 1870s, most food products manufactured
in the United States were sweetened with sucrose. Due

*Pounds, dry-weight equivalent; based on aggregate data; unadjusted for spoilage, plate waste, and other losses.
ry-weight eq £EICE: 3] poliage, p
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to advances in the HFCS production process, HFCS has
replaced sucrose in many food products. Corn is easily
and widely grown in the United States. Corn starch,
composed of 2 types of glucose polymers (amylose and
amylopectin), has been successtully isolated from corn
and converted to glucose and ghicose-containing
products for nearly a century. However, the process of
converting glucose 10 its sweeter isomer—I{ructose—
previously involved an alkaline isomerization process
that resulted in an unacceptable product for use in [oods.
In addition to causing flavor and color probiems in the
final food products, the atkaline isomerization process
was economically unviable due o low yields, In 1970,

a new enzymatic process using xylose isomerase
efficiently produced HFCS-42, a sweetener derived from
corn starch that contains about 42% fmctose and has
acceptable flavor and color profiles. In addition,
HFCS-42 is almost as sweet as sucrose. Further
developments in the late 1970s using a fructose
enrichment system with a strong-acid, cation-exchange
resin resulted in the commercial availability of HFCS-53,
which contains about 55% fructose and has the same
SWeelness as sucrose.

Sucrose is a disaccharide composed of one glucose
and one fructose molecule bonded together. Food
scientists have known for many years that the bond
berween glucose and fructose is subject to hydrolysis
at low pH and moderate temperatures—those typically
enceuntered, for example, in a carbonated beverage
prior to retafl sale. Hydrolyzing this bond can cause
sweetness, texture, and viscosity changes in a food or
heverage, and the development of unacceptable flavor.
HFCS became a more enticing sweetener option for
[ood manufacturers once flavor, color, and vield issues
were resolved, HFCS is not subject to hydrolysis because
its glucose and fructose molecules are present in the
“free,” or monosaccharide, state. This property makes
HFCS a very stable product for use in many beverage
and food applicarions. HFCS-42 is used primarily
in foods such as haked geods, canned fruit, dairy
products, jams, jellies, and preserves; HFCS-55, on
the other hand, sweetens many beverages including
carbonated soit drinks, sports drinks, teas, and
fruit-flavored ades.

" Sucrose

Compositions of HFCS, Sucrose, Invert
Sugars, and Honey Are Similar

Much confusior concerning the different types of
sweeteners exists within the sclentific community and the
general public. Because of its name, HFCS is incorrectly
assumed to be much higher in fructose than most other
sweeteners. A component comparisén of HFCS-42,

o mappr opriate.

sucrose, HFCS-535, invert sugar, and honey is shown in
Table 1.

The fructose/glucose ratio of HFCS-42 is slightly lower
than the 30:350 ratio found in sucrose, whereas HFCS-35
has a slightly higher fructose/glucose ratio than sucrose.
In fact, all of the listed sweeteners are relatively similar
in percent fructose and glucose composition, The main
difference between these sweeteners is the percent
moisture content of sucrose (solid form) compared with
the other 4 sweeteners {syrup-based).

At this time, there is no scientific evidence to suggest
thar humans utilize either HFCS-42 or HFCS-535 any
differenily than sucrose, invert sugar, or honey. All
disaccharides are completely hydrolyzed in the
gastrointestinal tract into their simple sugar
(monosaccharide} components prior o absorption.

In order to hydrolyze sucrose into fructose and glucose,
the small intestine secreses an enzyme known as sucrase,
which is abundant and not rate-hmiting, Consequéntly,
the rate of absorption for the monosaccharide components
of sucrose and HFCS is likely to be equat in both speed
and completeness.

Fructose and glucose are absorbed and metabolized
differenty by the human body.**! However, fructose
is fructose and glucose is glucose regardless of the

HFCS-55 Invert Sugar

Frictoser a2 50

IC10 _ 55 45
Glucose 53 50 42 .4
COthers 5 S 3. 0 :
Moisture 29 . i 5 23 i 2_5:5- Ean
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source—HFCS, sucrose, invert sugar, or honey. In other
words, after hydrolysis in the gut, the monaosaccharides
derived from these sweeteners are physiologically
indistinguishable to the human body.

Glucose is actively absorbed in the duodenum via a
sodium-dependent hexose wansporter (SGLUT-1).
After glucose passes into the bloodstream, insulin is
released by the pancreas to [acilitate its absorption by the
cells. Fructose is passively absorbed further dewn the
small intestine in the lower duodenum and jejunam.
Following absorption, fruciose enters Lhe b]oodsm eam but
does not stimulate the release of nsulin.'® Both fruciose
and glucose must be converted o pyruvate, through a
process known as glycolysis, before entering the Clmc
Acid Cycle.** The various metaholic pathways of fructose
and glucose and the intermediary metabolism of each
monosaccharide in the liver and other tissues have
been thoroughly documented in the scientific
literature. 11419

Inaccurate Terminology Confuses
Scientists and the Public Alike

Despite the compositional similarities between HFCS,
sucrose, invert sugar, and honey, some articles published
in the scientific literature imply that the human body
processes HFCS differently from other sweeteners,
Moreover, inaccurate terminology in the literature
promotes confusion and misinformation. Gross et al’
conducted an ecological correlation study examining
the relationship between dietary fat, carbohydrate,
protein, fiber, corn syrup, and total energy consumption
and the prevalence of Type 2 diabetes in the United
States between 1909 and 1997. Using a multivariate
nutrient-density model and after controlling for

total energy, the authors concluded that the prevalence
of Type 2 diabetes was negatively associated with fiber
consumptien (P < .01) and positively associated with
corn syrup consumption (P = .038). in this study,

the authors evaluated corn syrup as an indicator of all
refined carbohydrates because corn syrup is “a highly
refined substance that is consumed in vast quantities in
the United States in the form of soft drinks, commercial
baked goods, ready-to-eat breakfast cereals, and many
other commercially processed food products.”

It is unfortunate that Gross uses the term “corn syrup”
to refer o “high-fructose corn syrup.” These lood products
are compositionally different, and the 2 rerms should not
be used interchangeably. Using incorrect terminclogy
further increases the confusion surrounding HFCS within
the scientific community and the general public.

Although a positive association was found between “corn
syrusp” conswmption and the prevalence of Type 2 diabetes,
this does not imply a causal relationship. Type 2 diabetes

Nutrition Today, Volume 40 = Number 8 » November/December

has been consistently linked 10 obesity, not to consumption
ol sweeteners, Consumption of calories beyend the amount
needed by the body is directly related to obesity. All
macronutrients, not just sweeleners, contain calories and
can contribute to obesity when consured in excess,

A recent study by Bray et al® suggests that consumption
of heverages containing HFCS may be a factor in the
overweight/obesity epidemic. The authors hypothesize
that beverages containing HFCS are “sweeter” than
beverages containing sucrose, and cravings for the
sweeter beverages have led to overcomumpuon
According to Hanover and White,'® however, the
relative sweetness levels of HFCS-42 and HFCS-55 are
92 and 99, respectively, compared with sucrose {set at
100}, The iso-sweet (same sweeiness) levels of sucrose
and HFCS-55 have been confirmed by expert sensory
panels.

More Research Is Needed to Determine
Levels of HFCS in the Food Supply

Currently, there is ne convincing evidence to support a
link between HFCS consumption and overweight/obesity.
Moreover, overweight/chesity is a worldwide health
problem even in countries and regions that do not use
HECS. The escalating rate of overweight/obesity coincides
with many more credibie explanations than increased
HECS consumption.

There is also no evidence ro suggest that humans abserb-
or metabolize HFCS any differently than sucrose.
Moreover, a study conducted by McDevitr and associates’”
showed no differences among lean and obese women
in 96-hour energy or macronutrient balance in
response to overfeeding of fructose, glucose, sucrose, or
fat. Some scientists hypothesize that dietary fructose has
increased over the last several vears, which has

coincided with increases in overweight and obesity.
Research therefore should be directed at determining
how much HFCS there currently is in the food supply
and whether or not this has led w an increase in overall
fructese consumption. Obtaining this infermation would
contribute to better analyses of any possible relationship
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between overweight/obesity and HFCS consumption. In
addition, human studies need 1o directly evaluate
HFCS. Results from experiments testing pure fructose
aud applying those results to HFCS are inappropriate
because fructose and HECS are compositionally different.

Not only is it imperative that the appropriate
corrective meastires be taken to reduce the incidence of
overweight/obesity, it is also critical to avoid squandering
valuable resources pursuing unlikely theories based on
questionable use of data. Promoting untested hypotheses
confuses and {rustrates the general public and fosters
ineffective policy solutions that detract from other more
effective and eflicient solutions. In addition, great restraint
and care should be exercised by scientists and
communicators, including the media, to aveid confusing
the public further.

Afterword

This report is an excerpt of the presentations and
discussions from the Ceres® Workshop on the Highs and
Lows of High Fructose Corn Syvup that was convened on
May 10, 2004. This 1-day werkshop was organized

by the Center for Foed and Nutrition Policy, Virginia
Tech—National Capital Region and cosponsored by the
Joint Institute for Food Safety and Applied Nutrition,
University of Maryland. The workshop included
presensations by Dr. John S. White, President of White
Technical Research, who addressed the manufacture,
composition, and functionality of HFCS. Dr. Marilyn
Schorin, Presiden: of Focus Nutrition, LLC, reviewed the
literature. Dr. Richard Forshee, Director of Research at
the Center for Food and Nutrition Policy, focused on the
applicability of the USDA’s Continuing Survey of Food
Intake by Individuals (CSFIL} and the National Center
for Heaith Statistics’ National Health and Nurrition
Examination Survey (NHANES) in HFCS consumption
studies. Finally, Dr. G. Harvey Anderson, Professor of
Nutritional Sciences and Physiology at the University of
Toronto, discussed studies involving biological reactions
te HFCS in humans,

Gayte L. Hein, 88, and Maureen L. Storey, PhD, Center for Food,
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Part 1

High Fructose Corn Syrups,

Composition, Consumption, and Metabolism

High fructose corn syrup, as used in foods, is similar in
composition and sweetness fo sucrose. Absorption and
metabolism of HFCS is also similar to that of sucrose. Although
inroduced inie the foed supply in 1968, populanty of HFlS as &
sweetener grew afier the Food and Drug Administration's 1983
iecision that HFCS is Generally Becognized as Safe {GRAS)L
Part 1 of this article explains the composition, consumption
patterns, and metabolism of HFCS. Part 2 explores the health
impact of HFCS consumption.

istorically, most soft drinks were sweetened with
H sucrose. The advent of enzymatically modified corn

syrup, which is less costly than sucrose yet similar
in taste, led 1o its adoption as the principal sweetener in
carbonated beverages in the early 1980s. Today, high
fructose corn syrup (known by the initials HFCS) is used
in a range of [ood products, rom baked goods and energy
bars to candy and carbonated and noncarbonated drinks.

Developed in the late 1960s, HFCS was created by
advances in enzyme technology that allowed convcrsmn
of corn starch to corn syrup and then to fructose.’
Working closely with food manufacturers, syrup
producers refined HFCS in the 1970s to replicaLe the
sensory properties of sucrose, which resulted in a
product containing 45% glucose (and glucose polymers)
and 55% [ructose,” referred to as HFCS 55.

HFCS was Generally Recognized as Safe (GRAS) by the
Food and Drug Administration (FDA) in 1983.%7 Its
GRAS status was reaffirmed in 1996° in the Code of
Federal Regulations (21 CFR 184.1866).

sugar) t}uz prmapa] duacchar ?':e of
human dlets :around the wm‘ld'_' bozh

Marilyn D. Schorin, PhD, RD, FADA

Recently, some scientists and journalists, attempting
to account for the epidemic rise in obesity, principally in
the United States, have focused attention on the increased
use.of HFCS. This 2- ~part article examines the salient
scientific facts about HFECS, as distinet from pure fructose
and other sugars, to evaluate whether there are health
concerns specific to HFCS consumption. Part 1 reviews
the composition, consumption, amxl metabolism of HECS.
Part 2 reviews research relating to obesity, appetite,
glycemic control, and hyperlipidemia.

Similarity of High Fructose Corn Syrup
to Sucrose

What is high fructose corn syrup? HFCS is similar 1o
sucrese {table sugar), the principal disaccharide of
human diets around the world, in that both sweeteners
are composed of the monosaccharides glucose and
fructose. In the sucrose molecule, these monoesaccharides
are held together with a glycosidic bond as a disaccharide,
sucrose, that is enzymatically cleaved in the small
intestine to yield one molecule each of [ructose and
ghicose, HECS does not require enzymatic hydrolysis in
the small intestine, because it is composed almost
entirely of the monosaccharides, glucose and fructose.
These monosaccharide molecules of HFCS are absorbed
in the duodenum and upper jejunum. Glucose is
absorbed by an energy-dependent process requiring
sodium transport. Fructose absorption involves a
sodium-independent transporter GLUT-5.

Although sucrose is a disaccharide, it hydrolyzes to its
monosaccharide components in acid media {such as in
most sweetened carbonated beverages and lemonade).
The extent of hydroiy91s is dependent on time,
temperature, and pH.” By the time they are consumed,
many sucrose-sweetened carbonated beverages may, in
fact, contain significant amounts of free glucose and
fructose and, therefore, closely resemble HFCS in this
respect. [Note: The older literature often refers to
hydrelysis of sucrose as “inversion” and the product,
an equimolar mixture of glucose and fructose, is relerred
to as “invert sugar.” The term “invert” originates from
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Part 2

Health Effects

High Fructose Corn Syrups,

High fructose corn syrup use in food gradually increased
from its intreduction in 7980 untl the late 1990s. The
mounscsaccharide components of high fructese core syrep and
sgcrose are identical, Part 2 of this article explores the
fiealth effects of high fruciose corn syrup, including obesity,
type 2 diabetes, blood lipids, and dental caries. Nutr Today.
A0e:41(25:78-77

been part of Western dietary patterns. The Old

Testament refers to “the land of milk and honey”
to convey sweetness and comfort. Enjoyment of sweets
is inborn and sc ingrained in us that even infants respond
positively when tasting something sweet. But natrition
professionals are wondering if the recent shift in sweetener
use in the United States from sucrose to high fructose corn
syrup {HFCS) has specific good or ill health effects.

High fructose corn syrup is similar in composition and
sweetness Lo sucrose {table sugar). It is absorbed and
metabolized like sucrose, Introduced into the food supply
n 1968, HFCS gained rapid acceptance by both the food
industry and consumers alter 1980. Consumption of
HEFCS has stabilized since the late 1990s, This article
reviews rescarch relating the health effects of HFCS 1o
obesity, appetite, glycemic control, and hyperlipidemia.
The term health effects is used, rather than adverse
effects, because consumption of HFCS includes some
beneficial characteristics; for example, sugars provide
energy that may be essential in some diets.

Effect of HFCS on Body Weight

The incidence of obesity in the United States and, indeed,
in the entdre world has increased dramatically since the
mid-1970s.>* Scientists and policymakers have struggled
to find the reason for its dramaric and unprecedented
rise. Although it is well understood that obesity results

f ; weet foods and beverages have wraditionally
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from the imbalance between energy consumed and
energy expended in activity, other social, cultural,
behavioral, and genetic factors have also been
implicated.>"® A “decline in energy-demanding manual
labor, increases in television viewing and computer use,
e.xpanded use of the automobile, the suburbanization of
the population, lifestyle changes associated with women

-in the werk force, and genetically determined “fat

hormones” are all implicated in obesity.

" Recently, some researchers have suggested that the
switch from sucrose to HFCS is a factor in the obesity
epidemic. One argument is that HFCS became prevalent
in the mid-1970s, and by the mid-1980s, Americans were
CONSHINING more corn sweetener {although not more
HFECS) than sucrose. Bray’ drew a parallel between
increases in the use of HFCS and obesity incidence, citing
data on HFCS disappearance of 1 1b-per person in 1970,
when HFCS was introcuced, o approximately 60 b
today and the prevalence of obesity jumping from 10%
to 15% of the population 35 years ago tc 26% today.
The difference between “disappearance” and true
conswmption data was discussed in Part 1 of this series.

From. 1970 to 2003, sucrose consumption decreased
by more than one third. Thus, the primary questions
are (1) whether the increases in obesity and HFCS
availability are simply coincident with no causal
components or (2) whether HFCS has unique properties
that might induce overconsumption or meLabohc
abnormalides.

It is important to note that association does not imply
causation. Causation is just 1 of 3 possible relationships
between 2 correlated variables. The association of events
may be caused by a commen response; that is, both
variabie X and variable Y change in common to some
third, unaccounted for variable. For example, ice cream
sales and shark attacks both increase during summer.
This is not because sharks start attacking in response o
ice cream but because the 2 variables exhibit a common
response to the warm season. The association of events
may also be confounding; that is, the effect of variable X
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and variable Y is entangled with the effects of other
explanatory variables on Y and it is not pessible to
separate the contribution of any single causal factor to
the observed effect. For example, as cola consumption
increased in recent years, there has been a corresponding
decrease in the consumption of milk. However, a number
of confounding factors make it impossible to assign
causation to this associate. For example, there has been
an increased recognition that mitk contains undesirable
saturated fat and that milk may cause dyspepsia in
lactase-deficient individuals, To date, there are no studies
that demonstrate definitively and wnambiguously the
causality between HFCS consumption and obesity.
Causality is very definitive and indicates that a change in
one event always leads to a change in the second. Because
s0 many concomitant {actors changed between the
mid-1970s and 2003, it is sciengifically unjustifiable to
blame one commodity for a problem like obesity, which
is multifactorial,

It is wnlihely that o

" commodity is responst
~ -+ the obesity epide

The lack of causality between HFCS consumption and
obesity is evident when the prevalence of obesity in the
United States is compared with that of other countries
where HFCS use is limited.® For example, the prevalence
of childhood overweight has increased move than 2-fold
in England in 10 years, almost 4-fold in Egypt in 18
years, and 3.4- 10 4.6-fold in Australia in 10 years.g In
these countries, food and beverages are still largely
sweetened with suerose and HFCS is not.a common
sweetener. Across the globe, there is a dramatic increase
in obesity, independent of HFCS use (Figure 1).

Although epidemiologic evidence does not support a
unique effect of FFCS on obesity, questions have been
raised on whether there is an association between HFCS
consumption and energy intake. Indirect data have come
from studies using sucrose, a caloric sweetener that is
chemically, closely related w0 HFCS.

For example, a 10-week study of Raben et al'” showed

that overweight men and women, consuming relatively
large quantities of sucrose (28% of energy), primarily in
beverages, exhibited increased energy intake, body
weight, fat, and blood pressare, compared with those
who consumed artificial sweetener. In a 3-week study
of normal-weight individuals, Tordofl and Alleva®!
investigated whether aspartame or HFCS consumed in

Nutrition Today, Volume 41 s Number 2 « March/April, 2006

Figure 1. Increased prevalence of childhood obesity. *Countries
not using HFCS.

beverages significantly affected food intake and body
weight. Energy intake and body weight increased only
in subjects consuming HFCS, and the authors concluded
that calorically sweetened beverages can lead o
overconsumption of calories and, therefore, to
overweight. However, it is worth noting that in blinding
the participants w beverage composition, the
investigators removed the normally present cognitive
component that enables eaters to compensate for
beverage calories by controlling their food and beverage
intake. Thus, these data may not be relevant Lo real-life
gating situations.

In contrast, Saris'? reviewed evidence from carefully
controlled laboratory studies, clinical trials, studies in
populations at high risk of developing obesity, and
epidemiologic studies on the role of sugars, particularly
sucrose. He concluded that sugar intake by itself is not
associated with weight gain. In fact, the CARMEN study
demonstrated that individuals lost more weight when
carbohydrates, including simple sugars, replaced fat in
their diets.”® High-sucrose diets produced as great a
weight loss as low-sucrose diets (HFCS was not included
in these studies), with no adverse metabelic or emotional
effects.*’

Furthermore, several reports indicate that
carbohydrate and sugar consumption is associated with
lower body mass index.**'® However, in these studies,
physical activity was not held consiant and the sugar
type was not considered independently. An exiensive
analysis of US Department of Agriculture’s 1994-1996
Continuing Survey of Food Intake by Individuals for the
institute of Medicine National Academy of Sciences noted
that sugar consumption had no effect on body weight,
although it also noted that when added sugar in the diet
exceeded 25% of total energy, micronutrient intake was
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inadequate.” A similar conclusion was reached by the
United Nations' Food and Agriculture Organization. In
their extensive review of carbohydrate nutrition, it was
concluded that despite metabolic differences in the types
of carbohydrate, there was no differential effect on bedy
weight. For the prevention of obesity, the Food and
Agriculture Organization reaffirmed its commitment to a
Jow-fat, high-carbohydrate diet."” The 2003 World
Health Organizaton report on Diet, Nutrition, and
Chronic Dvscase, however, recommended a limitation on
“free sugar” (a term used by the World Health
Organization that is similar to “added sugar”) to 10% of
energy intake as a goal for the prevention of diet-related
chronic diseases.® The rationale for this recommendation
is that “free sugars” coniribute to the overall energy
density of the diet and promote positive energy halance,

Although body weight and body mass index result
from the balance between energy intake and expenditure,
some studies have examined intake of sugars, particularly
in soft drinks, and drew conclusions on obesity, without
accounting for energy expenditure. For example,
Harnack et al*® found that preschoo! children who
consumed more than ¢ oz soft drinks per day (11.5% of
the population) had higher energy intakes than the
88.5% who consumed less soft drink. Among school-aged
children, the 32% consuming more than 9 oz soft drinks
had higher energy intakes than the other 68%. However,
these authors’ conclusion that this contributes to
childhood ohesity cannot be substantiated, as they did
not correlate consumption either with obesity or
energy expenditure.

By contrast, in the National Health and Nutrition
Examination Survey,'” there was no correlation between
regular (ie, sweetened) soft drink consumprion and body
weight in children.

Ludwig et al*" analyzed data from the Planet Health
project in 548 ethnically diverse 1l-year-old school
children in Massachusetts, They reported that the risk of
becoming ohese increased by 60% for each additional
serving of sugar-sweetened drink that the children
consumed., Note that the study showed that soft drink
consumnption above the baseline—not each soft drink
itself—increased the risk of obesity in these children. The
Ludwig et al’® study did not report other aspecis of
dietary intake. The investigators acknowledged thar the
study was observational in nature and, therefore, could
not demonstrate causality, nor did it have sufficient
statistical power. Nonetheless, these findings have been
widely interpreted that soft drink consumption causes
obesity.

The article of Havel®® on signaling mechanisms that
influence energy intake postulated that dietary fructose
can lead to overeating and weight gain as a result of
decreased levels of circulating insulin and leptin.
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These 2 hormones, when increased, prompt a decrease
in energy intake. However, it is inappropriate to eguate
HECS with pure fructose because the effect of fructose
will be modulated by the almost equimotar presence of
glucose, which promotes increased secretion of insulin
and leptin. To date, no studies have directly linked HFCS
with leptin levels.

High Fructose Corn Syrup and Appetite

Several reports examined the putative relationship
between sugar and appetite, but no studies specilically
looked at the role of HFCS itself. A recent review™” of
sugar and satiety concluded that sugars stimulate satiety
mechanisms and reduce food intake. When subjects
were not informed whether they were getting a
sugar-sweetened or diet beverage, they did not alter
food consumption to account for beverage calories.”
Because many people specifically select a diet beverage to
control their energy intake, failure to adjust their
intakes could be attributed to cognitive factors, equal
satiety, or both.

L ' HECS do_eé not creq,te_:-&" :
_-effect on appetite or subSequent
: . food intake

At least I stady suggests that liquids are less satiating
than solids. DiMeglio and Mattes™ found that jelly beans,
but not soft drinks, subsequently reduced food intake,
and thus, did not increase body weight. The specific
sweeteners used in these experiments were not identified;
thus, it is not known whether HFCS was used or if it
exerted a specific effect in that study. A recent review of
the satiating quality of liquid versus solids, but not
necessarily HFCS liquids, highlighted the variable
influence of subjeet selection.” Almiron-Roig and
Drewnowski®® compared food intake after consumption
of cola, unsweetened arange juice, low-fat milk, and
sparkling water. The first 3 beverages are of equal caloric
density but have different sweeteners, that is, HFCS in
cola, sucrose and fructose in orange juice, and lactose m
milk. Despite the preduct differences, these investigators
found that food intake was lower after the consumption
of caloric beverages compared with water, but thete was
no difference in intake or ratings of hunger among the
cola, juice, or milk drinks. Therefore, this study
suggested that HFCS does not create a unique effect on
appetite or subsequent food intake compared with other
SWeeteners.
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High Fructose Corn Syrup and
Dental Caries

The are no data relating HFCS and dental caries.
However, it is well established that the cariogenic effect
of food, presumably including HFCS, depends on
multiple {actors, including composition of the total diet,
frequency of consumption of the food, stickiness, and
how long the food remains in the mouth. For example,
soft drinks have a high content of fermentable
carhohydrates (such as sucrose, glucose, and fructose)
but have less cariogenic effect when consumed rapidly
rather than sucking a hard candy for an extended time.
Consuming soft drink with a meal further reduces the
cariogenic potential of HFCS-containing beverage
because other foed properties such as fiber, fat, and
minerals interfere with the drink’s effect on tooth decay.
Maost experts on oral health counsel that the
consumption of any food, including HFCS, should be
accompanied by good oral hygiene practices—{requent
brushing with a flueride-containing dentifrice, regular
flossing, and routine dental visits.

Glycemic Control and Type 2 Diabetes

Historically, recommendations for diabetes management
included restriction in sugar intake because the

disease was characterized by increased blood glucose
and the presence of glucose in the urine. (The term
“digbetes” throughout this artcle refers to type 2
diabetes.}

Today, diabetes and nutrition experts confirm that
sucrose and starch have similar effects on elevating
blood glucose. For example, when sucrose is
substituted for a variety of starches—in meals or snacks,
both acutely and for up o 6 weeks—the glycemic
response (see below) is similar if the total amount of
carbohydrate is similar (see Franz MJ. Carbohydrate
and diabetes: is the source or the amcunt of more
importance? Curr Diab Rep. 2001;1(2):177--186}.
Experts also agree that sucrose and sucrose-containing
foods need not be restricted in patients with dizbetes
to control blood sugar level, although sugars must be
counted as part of the total carbohydrate intake.”®
Expert recommendations did not separately consider
the effects of HEFCS, most likely because HFCS is
metabolized like sucrose.

Some nutrition experts have proposed the glycemic
index (GI) o determine the quantitative effect of foed
on blood glucose levels. The G is a ranking of
carbohydrates based on their immediate effect on blood
sugar {blocd glucose) levels. The GI is measured as the
area under the curve for the increase in biood ghucose
observed after the ingestion of a set amount of

Nutrition Today, Volurne 41 « Number 2 « March/April, 2008

carbohydrate in a food during the postprandial period.
This is compared with the blood glucose response from a
reference food {white bread or glucose) tested in the
same individual under the same conditions. The Gl
cormcept has been expanded to inctude the “glycemic
load,” which takes into account total carbohydrate
intake. It is calculated by muliiplying the weighted mean
of the dietary G1 by the percentage of total energy from
carhohydrate.

The Gi has been determined for a number of foods and
carbohydrate-containing ingredients. The G1 of HFCS is
similar to that of sucrose.?” Tables listing the GI of foods
do not always specify whether the foods and beverages
were made with HFCS or sucrose. For example,
European and Australian soft drinks are typically made
with sucrose, However, given the similarity in
composition, there is likely little difference in G1.

High fructose corn syrup and sucrose have cquivalent
effects on plasma glucose and insulin.*® Plasma glucose
levels are greater after HFCS ingestion compared with
pure fructose™ in non-insulin-dependent diabetic
subjects. Fructose, unlike glucose, is widely recognized
as lacking an insulin-stimulating effect.

A recent study compared the metabolic effects of a
high-carbohydrate, low-fat diet that contained either 10%
or 40% of total carbohydrate as fructose in children.™ No
significant differences in plasma glucose, triglycerides,
insulin, C-peptide, or insulin sensitivity were found
besween the 2 regimens; the short-term changes in fat
and carbohydrate intake, regardless of fructose content,
did not affect any of the measured parameters.

The glycemic in‘de%_{:-:.
load have also bee

This contrasts with a study in rats which found that
fruactose was the mutrient mediator of sucrose-induced
insulin resistance and glucose intolerance.” However,
because the animals were given up to 34% calories from
fructose, the findings may not be clinically meaningful.

We already observed that many researchers confuse
fructose and HFCS although the 2 compounds are net
the same. Flliott er al’” referred to an increase in HFCS
consumption since 1970, which they then linked to
increased plasma lipids, energy intake, and weight gain;
however, the evidence was based on studies of fructose,
not HFCS. They ignored the [act that overall fructose
conmsumption during this period remained almost
constant. High fructose corn syrup has heen a variable
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in only a few metabolic studies of both rodents and
humans; far more have been conducted with pure
fructose.

Rats exhibited insulin resistance and hypermsulinemia
after 2 weeks following a high fructose (60% of energy),
but not a high-glucose, diet.”® Both lean and obese rats
showed insulin abnormalities, In lean rats, glucose, but
not fruciose, resulted in increases in both fat pad and
body weight. However, such nonphysiological quantities
of dietary monosaccharides raise questions about the
relevance of such studies to typical human diets.

Investigators for the Women's Health Study analyzed
sugar intake, including glucose, fructose, sucrose, and
lactose, from food frequency questionnaires of more than
39,000 subjects. Intake was compared with incidence of
non—insulin-dependent diabetes metlitus. No association
was found between type 2 diabetes and intake of any of
these sugars, affirming the American Diabetes
Association’s guideline that moderate amounts of sugar
can be incorporated into a healthy diet.***> However, a
more recent epidemiologic study showed an association
between consumption of sugar-sweetened beverages,
weight gain, and the incidence of type 2 diabetes in
women. ® It should be noted that these types of studies
represent a retrospective statistical analysis. The data
cannot indicate a cause and effect relationship and
may represent a lifestyle epiphencmenon or other
confounding factors. Further research is required to
determine whether this connection applies to all
sugar-sweetened foods.

Effect of High Fructose Corn Syrup on
Blood Lipids

Many investigaters who have tried to understand the
heaith consequences of HFCS have focused on the
unique metabolic properties of fructose, a component of
both sucrose and HFCS.

Fructose is absorbed from the intestine into the portal -
systern and is taken up by the liver. There, it enters into the
glycolytic pathway (Figure 2A) or, alternatively,
gluconeogenesis (Figure 2B) as triose phosphate, bypassing
the rate-limiting phosphofructokinase regulatory step that
is used in the glycolytic breakdown of glucose. When
fructose is consumed as a monosaccharide, it is largely
converted to glucose and stored as glycogen in the liver or
is released into the circulation as ghicose.

Note, however, that fructose derived from sucrose or
HFCS is accompanied by an almost equal amount of
glucose, causing an increased release of insulin. Elevated
levels of insulin inhibit gluconeogenesis. Therefore, the
major fates of fructose contained tn sucrose or HFCS is
the production of energy or, 10 a lesser extent, storage as
lipid (Figure 2A).
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Figure 2. Metabolism of glucose and fructose, A, Glycolysis. B,
Gluconeogenesis,

High intakes of fructese can stimulate lipogenesis
in the liver. In addition, the triglyceride response to
fructose may be different than the response to
fructose-plus-glucose. Banule et al’’ showed that 6 weeks
of a very high fructose diet (17% of total energy) versus a
high-glucose diet (14% of total energy) increased serum
triacylglycerol concentrations (but it had no effect on
daylong piasma glucose concentrations). In the US diet,
in centrast, approximately 7% o 9% of energy ntake is
derived from [ructose. About one third of the bructose
intake comes from fruits, vegetables, and other natural
sources, and two thirds from additions to foed and
beverages (soft drinks, candies, jams, syrups, hakery
products, etc). ®

Maye.sfq on the other hand, did not observe an
increase in lipogenests in perfused rat livers in the
presence of physiclogical concentrations of fructose
alone, However, when glucose and fructose were infused
together, there was a marked uptake of glucose and an
increase in glycogen. The 2002 Dietary Reference intakes
report cites mixed effects of dietary sucrose, glucose, or
fructose on serum triglycerides from numercus studies.
Nonetheless, numercus studies in rodents document an
increase in plasma triglycerides from fructose feeding,
albeit at supraphysiclogical doses of fructose. Although

Nutrition Today, Volume 41 « Number 2 « March/April, 2006

Copyright @ Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.




Health Effects of High Fructose Corn Syrups

Food Science

severa} earlier studies reported an effect of fructose on de
novo lipogenesis in humans,”® a recent review indicated
that de novo lipogenesis is not a quantitatively major
pathway in normal adults on typical Western diets.*!

Few studies have examined the effects of HFCS itseif
on plasma lipids. Therefore, it is often necessary to infer
effects from the metabolism of glucose plus fructose.
There is a well-characterized hypertriglyceridemic effect
of a high-carbohydrate, low-fat diet.**** This effect is
generally attributed primarily to fructose; glucose has less
of a triglyceride-raising role.*> One study, however,
found no differences in blood triglycerides based on the
use of sucrose, fructose, or xylitol, although plasma
cholesterol was Jower in the fructose group.™

Factors contributing to the hypertriglyceridemic effect
of carbehydrates include not only the type and amount
of monosaccharides but also many others.” In one study,
a switch from a high-fat, low-carbohydrate diet to a
jow-fat, high-carbohydrate diet was made gradually, and
the rise in triglycerides was avoided.™

High Fructose Corn Syrup and Cancer

Although some forms of cancer are related to diet, no
studies have shown a link between HFCS itseif and
cancer. Cancer incidence and mortality generally
increased between 1975 and 1990 but stabilized or
decreased in the 1990s. Investigators have examined
the association of various sugars in specific cancer sites.
Pancreatic cancer incidence showed no relationship

to dietary carbohydrate or sucrose.*® The fructose
aansporter GLUT5 was found 1o be increased in breast
cancer cells compared with normal breast cells, bat
investigators did not examine whether there was any
association with diet.”™ An increased risk of colorectal
cancer due to sugar added to coffee or hot beverages
was observed in a stdy in Northern ltaly,” but the
observation was not further investigated in relation to
total diet or other dietary components. Another study
found reduced risk of prostate cancer with greater
fructose intake.”! Thus, the picture with respect to
cancer and carbohydrate intake is still unclear and
needs further investigation.

Sumrmary

The intake of HFCS has increased since 1980, when it
was first iniroduced into the US food supply, and has
been stable since the late 1990s, aithough obesity rates
have continued to climb. The monosaccharide
components of HFCS and sucrose (glucose and fructose)
are identical molecules, and few studies have shown a
metabolic difference hetween them. Given what we know
about the merabolism of orally ingested sugars, it is

Mutrition Today, Volume 41 « Number 2 » March/Aprit, 2006

difficult 1o identify a plausible physiological explanation
for how approximately equal amounts of fruciose and
glucose should have differential effects when chemically
bended (such as in sucrose) or not (such as in HFCS).
Thus, the current evidence does not support claims of a
specific unique effect of HFCS on health. There has been
little research specifically related to the association of
HECS with obesity or other chronic diseases. In addition,
it should be noted that in many Eurcpean couniries
where there have been increases in the prevalence of
ohesity over the past several decades, the rise in HFCS
consumption has heen wivial.
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Straight talk about high-fructose corn syrup: what it is and what it

ain’'t’—4

John § White

ABSTRACT :

High-fructose cormn syrup (HFCS) is a fructose-glucose liguid sweet-
ener alternative to sucrose (common table sugar) first introduced to
the food and beverage industry in the 1970s. It is not meaningfully
different in composition or metabolism from other fructose-glucose
sweeteners like sucrose, honey, and fruit juice concentrates. HFCS
was widely embraced by food formulators, and its use grew between
the mid-1970s and mid-1990s, principally as a replacement for su-
crose. This was primarily because of its sweetness comparable with
that of sucrose, improved stability and functionality, and ease of use.
Although HFCS use today is nearly equivalent to sucrose use in the
United States, we Hve in a2 decidedly sucrose-sweetened world:
=00% of the nutritive sweetener used worldwide is sucrose. Here 1
review the history, composition, avaifability, and charecteristics of
HFCS in a factual manper to clarify cornmon risunderstandings that
have been a source of confusion to health professionals and the
general public alike. In particular, T evalnate the strength of the
popular hypothesis that HFCS is uniquely responsible for obesity.
Although examples of pure fructose causing metabolic upset at high
congenirations abound, especially when fed ax the sole carbohydrate
source, there is no evidence that the common fructose-glucose
sweeteners do the same. Thus, studies nsing extreme carbohydrate
diets may be useful for probing biochemical pathways, but they have no
relevance to the human diet or to current consurmaption. I conclude that
the HFCS-obesity hypothesis is supported neither in the United States
nor worldwide. Am J Clin Nuzr 2008:88(suppl):0005-000S.

INTRODUCTION

High-fructose corn syrup (HFCS) is a liquid sweetener alter-
native to sucrose {table sugar) used in many foods and beverages.
Early developmental work was carried out in the 1950s and
1960s, with shipments of the frst commercial HFCS product to
the food industry occurring in the late 1960s. Phenomenal growth
over the ensuing 35 or more years made HECS one of the most
successful food ingredients in modern history {1).

HFCS was used in relative obscurity for many years. Afterall,
its compositional similarity to sucrose suggested that it would be
metabolized in a like manner. Its safety was never seriously
doubted because expert scientific panels in every decade since
the 1960s drew the same conclusion: sucrose, fructose, glucose,
and, latterty, HFCS did not pose a significanthealth risk, with the
single exception of promoting dental caries (2-5).

Although there was considerable speculation in the 1980s that
fructose was tesponsible for several metabolic anomalies (6 8).
convineing proof that this was a significant health risk was never

forthcoming, Tt came as a great surprise to many when, seemingly
overnight, HFCS was transformed from & mundane ingredient
into the principal focus of scientists, journalists, and consumers
concerned about the growing incidence of obesity in the United
States and around the world. This article will probe the basis ard
implications for the current hypothesis that HFCS is somehow
uniquely responsible for rising obesity rates and will challenge
the science purported to demonstrate a unigue role for HFCS in
promoting obesity.

BRIEF HISTORY OF HWIGH-FRUCTOSE CORN SYRUP

Sucrose from sugar cane or sugar beets has been & part of (he
humnan diet for centuries; sucrose from fruit or honey has been a
part of the human diet for millennia. Sucrose continues to be the
benchmark against which other sweeteners are measured, How-
ever, sucrose has posed significant technological problems in
certain applications: it hydrolyzes in acidic systems (9), chang-
ing the sweetness and flavor characteristics of the product, and it
is a granular ingredient that must be dissolved in water before use
in many applications. Furthermore, sugar cane was traditionally
grown in equatorial regions, some known egually weli for both
political and climatic instability. The availability and price of
sugar fluctuated wildly in response to upsels in either one,

HFCS immediately proved itself an attractive alternative to
sucrose in liquid applications because it is stable in acidic foods
and beverages, Because it is a syrup, HFCS can be pumped from
delivery vehicles to storage and mixing tanks, requiring only
simple dilution before use. As an ingredient derived from
corm—a dependable, renewable, and abundant agricultural raw
material of the US Midwest—HFCS has remained immune from
the price and availability extremes of sucrose. It was principally
for these reasons that HFCS was so readily accepted by the food
industry and enjoyed such spectacular growth.
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Commitiee symposium “High Fructose Corn Syrup (HFCS): Everything
You Wanted to Know, But Were Afiaid o Ask,” beld at Experimental
Biclogy 2007 in Washington, DC, 30 April 2007,

* Preparation of this article supported by the American Seciety Tor Nu-
rition.

* Address reprint requests to IS White, White Technical Research, 8895
Hickory Hills Drive, Argenta, L 62501, E-mail: white.tech.res @ gmail.com.

dotf: 1013945/2jcn.2G08.25825B.

Am S Clin Nty 2008:88(supphy:006S-0005. Printed in USA. © 2008 American Society Tor Nuttition 15

AQz 1



Ti

Mtapraidd/ajo-ajon/ajc-ajcn/ajc01208/2c2674408g | moquaten [ S=5 | 10/20/08 | 9:44 | Art: 258258 | Input-jth |

28 WHITE

TABLE 1

Carbohydrate composition of common nutritive sweeteners’

Compaonent HECS-42 HFCS-55 Corn syrap Fructose Suerose Tnvert sugar” Honey
% % % 2 % T P

Fructose 42 55 0 100 50 43 49

Glocose 53 42 100 100 30 45 43

Others 57 3 100 0 0 10* 5

Moisture 29 23 20 5 5 25 18

! From references 21, 32, and 33. HFCS, high-fructose corn syrup.

? Sucrose-based sweetener in which the bond between glacose and fructose is partially or fully hydrolyzed {inveried) by acid or enzyme (invertase).

* Readily hydrotyzabic polymers of glucose.
¥ Unhydrolyzed sucrose.
* Sucrose and minor amounts of other carbohydrates.

THE HYPOTHESIS

In 2004 Bray et al (10) published the hypothesis that HFCS is
a direct causative factor for obesity, They based their hypothesis
on a temporai relation between HFCS use and obesity rates be-
tween 1960 and 2000.

Although the HFCS-obesity hypothesis may have been ini-
tialty developed, as Popkin recently claimed, to simply “spur
science” {11), it quickly took on a Hfe of its. own. This once
mundane ingredient became vilified in scientific circles and then
in the public arenz when the hypothesis was translated as fact
through leading nutrition journals, weekly and specialty maga-
zines, national and local newspapers, and an endiess number of
television news programs.

In attempting to make sense of the HFCS-obesity hypothesis,
it is fair to expect several inherent assumptions to hold true before
it can be accepted as fact:

o HFCS and sucrose must be significantly different,

& HECS must be uniguely obesity-promoting,

e HECS must be predictive of US obesity,

& HFCS must be predictive of global obesity, and

e Eliminating HFCS from the food supply must significantly

reduce obesity.

Here I examine each assumption to see whether it holds true.

HIGH-FRUCTOSE CORN SYRUP AND SUCROSE ARE
NOT SIGNIFICANTLY DIFFERENT

Compaosition

Confusion abowt the composition of HFCS abounds in the
literature, The carbohydrate composifions of the mosi common
nutritive sweeteners are listed in Table 1 (12, 13). The 2 most
important HECS products of commerce contain 42% fractose
{(HF(CS8-42) and 55% fructose {HFCS-35). The remaining carbo-
hydrates in HFCS are free glucose and minor amounis of bound
glucose, predominantly maltose (di-glucose} and maltotriose
(tri-glucose), Mention of HECS with higher [Tuctose content (ie,
HFCS-80 or HFCS-90) is oecasionally seen in the Herature, bui
these products are highly specialized and are manufactured in-
frequently and in insigrificant amouats.

Gross et al (13) and others have confused HFCS with common
com syrup, but as shown in Table 1, they are clearly distinct
products. Corn syrup is actually a family of ingredients made up
only of glucose—either free or bonded to itsell in chains of

various lengths up to =10, depending on the specilic corn syrup
product.

HFCS is also frequently confused with pure fractose, probably
because of its name. “High-fructose corn syrup” is, in retrospect,
an unfortunate chivice of name, because it conjures up images of
a product with very high fructose content. The original intent of
the name was simply to distinguish it from ordinary, glucose-
containing corn syrap. Pure crystalline fructose has been avail-
able to the food industry since the late 1980s, but is still used in
relatively minor amounts. The obvious differences between
HFCS and pure fructose are aptly demonsirated in Table 1- the
latter contains no glucose and is a low-moisture crystalline ma-
terial. it must be emphasized that from & composition standpoint,
puze {Tuctose is a poor model for HFECS.

The glucose-{o-ftuciose ratio in HFCS is nearly 1:1; similar to
theratio in sucrose, invert sugar, and honey. A similar ratio is also
found in many fruits and fruit juices. The only practical distinc-
ton in composition betweer sucrose and other fructose-
containing sweeteners is the presence of a bond linking fructose
and glucose {sucrose chemical name: B-d-fructofuranosyl-a-d-
glucopyranoside; 14). The glucese and fructose in HFCS, invert
sugar, honey, and fruit is principally monosaccharide (free, un-
bonded). Thus, when HFCS historically replaced sucrose in for-
mulations, no increase in dietary fructose occurred.

Invert sugar is the name given to sucrose in which the bond.

finking fructose and glucose has been hydrolyzed, This may be
accomplished either with acid or enzyme (invertase). Acid-
catalyzed inversion of sucrose is accelerated by increased tem-
perature and reduced pH and takes place within time spans as
short as minutes to as fong as months (9} Because carbonated
beverages are fow in pH {colas are near pH 3.5) and are stored in
warehouses al ambieni temperature—sometimes for weeks be-
fore they reach supermarkel shelves—considerable inversion
can take place before the product reaches the consumer. Itis a
sweet irony that purists who must have their sucrose-sweetened
sodas end up drinking a sweetener composition more similar to
HFCS and have been doing so since the first cola was formulated
in the 1880s.

Availability

The HFCS-~cbesity hypothesis of Bray et al relies heavily on
the positive association between increasing HFCS use and obe-
gity rates in the United States (10). However, Bray et al treated
this association in isolation, offering no perspective on trends in
total caloric intake or added sweeteners use in comparison with

A2
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FIGURE 1. Per capita daily caloric intake (US Deparunent of Agriculture
Economic Research Service toss-adjusted availability), 19702005 ¢15).

use of ather dietary macronutrients. Loss-adjusted food avail-
ability data from the US Department of Agriculture Economic
Research Service to provide that missing perspective are com-
pared in Figures land 2 (15). Availability data attempt to provide
& more realistic estimate of the amount of food actually available
for consumption by subtracting losses in manufacturing, trans-
portation, food preparation, spoilage, and table wastage from
{food preduction figures. -

Plotted in Figure 1 are per capita daily calories over the 35-y
period from 1970 to 2003, the most recent data available. Ag has
been widely reported, per capita daily calorie intake increased
24% over that time period.

Trends in caloric intake of major dietary nutrients over the
same period are iflustrated in Figure 2 to determine whether
added sugars increased disproportionately, which is something
they surely would have had o do to uniquely irapact obesity. In
fact, use of added sugars as a fraction of daily calorie intake
actually decreased slightly, along with vegetables, dairy, and
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FIGURE 2. Change in percentage of daily caloric intake of auntrient
groups {US Department of Agriculfare Economic Research Service loss-
adjusted availability), 1970-2005 (13). Numbers in parentheses indicate
percentage change aver the time period relative to change in total calories.
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FIGURE 3. Per capita daily caloric intake of fructose-containing sweet-
eners (US Department of Agniculiure Bconomic Research Service joss-
adjusted availability}, 19702003 (15},

meat, eges, and outs. It is significant that added fat was up 5%,
because evidence is growing that added fat is more strongly
associated with obesity that are added sugars (16).
It is widely believed that HFCS eclipsed sucrose long ago as
the primary nutritive sweetener in the US diet and that fructose
concentrations have risen disproportionately as a result, but this
1s just not so. Per capita daily calogies from cane and beet sugar,
HFCS, honey, and their total are plotted over the past 353 v in
Figure 3. The following points are important o note:
= There was essentially a one-for-one replacement of sucrose
with HFCS from 1970 to 1998;

= Since 1998, sucrose use and HFCS use have been roughly
equivalent, a significant fact that has escaped too many
writers on the subject;

& Fructose coniributes =200-250 kecal/d (sucrose and HFCS

are each half fructose), =~7-8% of the current 2700-kcal/d
per capita total calorie intake reported in Figure 1

+ Honey use is slight in comparison with the other 2 and has

remained largely unchanged; and

¢ Although availability of sugars was up over this period,

which confirms the data shown in Figure 2, use of added
sweeteners as a percent of total calories has declined in
recent years,

Two additional facts are worthy of note here: 7) although
commercially availabie, pure crystalfine fructose remains a spe-
cialty sweetener used in very limited quantities, and 2) the ratio
of fructose-lo-glucose from added sugars is =0.7, and this value
has likely remained unchanged since sucrose use became wide-
spread a century ago (17).

Sweetness

A common misconception about HFCS is that i is sweeter
than sucrose and that this increased sweetness contributed to the
obesity crisis by encouraging excessive caloric food and bever-
age consumption (10). HFCS is not sweeter than sucrose. The
sweetness of several common nutritive sugars in crystalline and
liquid or syrup form is compared in Table 2.

T2
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TABLE 2 Absorption and metabolism
Sweetness comparison for selected nutritive sweeteners’ .. "
All fructose-containing nutritive sweeteners appear to share
Sweetness Relative Absoluie the same intestinal sites for absorption. Honey, fruit sugars, and
intensity sweeiness sweetness  HFCS reach the small intestines predominantly as monosaccha-
Sugars {crystalline)” (10% syrup)’ {syrups)’  rdas. The minor amount of polysaccharide glucose in HFCS is
Fructose 180 117 — quickly broken down to free glucose by salivary and intestinal
Sucrose 1060 100 100) amylases. Glucose is absorbed into the portal blood through an
HFCS-55 o 99 - 97 active, energv-requiring mechantsm mediated by sodium and a
Glucose 74-82 65 - specific glucose transport protein. Fruciose is absorbed via the

{ HFCS, high-fructose com syrup.

2 Adapted from Schallesberger and Acres (18).
 Adapted from White and Parke (21).

4 Calculaied from Schiffman et ab (20).

Sweetness intensities of crystalline compounds were reported
in pioneering work by Schalienberger and Acree in 1971 (18),
They determined that fructose in the crystalline, B-d-fructo-
pyranose anomeric form has =1.8 times the sweetness of crys-
talline sucrose:; the relative sweetness of crystalling glucose is
lower at 0.7-0.8. Note that the sweetness of HFCS cannot be
determined in crystalline form because HFCS does not crystal-
lize. It is this marked difference in sweetness between fructose
and sucrose in crystalline samples that is often confused and
inappropriately attributed to HFCS, a blend of equal amounts of
glucose and fructose in liquid or syrup form.

Once in solution, B-d-fructopyranose undergoes rapid mu-
tarotation to give a mixture of several tautomers with lower and
differing sweetmess intensities (19, 20). White and Parke (21)
reported the sweetness values of liguid and syrup samples rela-
tive to the sucrose standard as established by trained, expert food
industry taste panels. In syrup form at 10% solids (the approxi-
mate sweetener concentration in most carbonated beverages),
HFCS-55 and sucrose vield the same relative sweetness. Under
the same experimental conditions, HFCS-42 is less sweet thar
sucrose, with a value of ==(.9.

1o 2000 Schiffman et al {20) reported the absolute sweetness of
syrups ai various concentrations and temperatures. The HFCS
absolute sweetness value reported in Table 2 was calculated by
regressing Schiffman’s data for fructose and glucose to 10%
solids and then substituting the resulting values into the known
compositions of HFCS-53 and sucrose. Using sucrose once again
as the standard by setting is sweetness equal 1o 100, a sweetness
value of 97 was calculated for HRCS-55, providing independent
validation for the value reported by White and Parke. Schiff-
man’s work also confirmed the earlier work of Hyvonen et al (22)
and White (23} that temperature has little effect on sweelness
intensity.

These data confirm what the food industry has claimed for
more than 20 y: the sweetness intensities of HFCS-35 and su-
crose are equivalent. The replacement of sucrose by HFCS-35
did ot change the sweetness intensity of foods and beverages,
nor did it lead to a “sweetening of America” (24).

Caloric value

HFCS and sucrose are both carbohydrate ingredients that con-
tribute =4 kcal/g on a dry solids basis. There can be no argument
that long-term overconsumption of foods and beverages contain-
ing either one without compensation for energy expenditure may
lead to weight gain.

sodivm independent GLUT-5 transporter {25). Diszccharide su-
crose requires hydrolysis before absorption, which is rapidly
accomplished by a plentiful sucrase in the brush border.

Much bas been made of the metabolic differences between
[ructose and glucose in the human body: fructose is rapidly taken
up by the Hver and bypasses a key regulatory step in glycolysis.
There are, however, several points of intersection where the
matabolism of fructose and glucose interchange. This metabolic
flexibility works to man’s evolutionary advantage by allowing &
variety of food and energy sources to be processed efficiently. It
is only when any single nutrient is consumed fo excess and
overwhelms the body's metabolic capacity that untoward con-
SEQUences DCCUL.

Fructose malabsorption appears only to be a problem when too
little accomparying glucose is present. This was quickly recog-
nized in early sports drinks formutated solely with fructose to
enhance performance by exploiting fructose’s low glycemic in-
dex. Riby etal (26) subsequently showed that the addition of even
small amounts of free or polymeric glucose can ameliorale fruc-
tose malabsorption and accompanying gastric distress.

The inability of the body to distinguish fruciose-containing
nutritive sweeteners from one another once they reach the blood-
stream is critical to the HFCS discussior, but often overlooked.
Sucrose, HFCS, invert sugar, honey, and many fruits and juices
deliver the same sugars in the sgme ralios 0 the sgme tissues
within the same time frame to the same metabolic pathways.
Thus, if one accepts the proposition that a given product will be
sweetened with one of the fructose-containing nutritive sweet-
eners, it makes essentially no metabolic difference which one is
used.

HIGH-FRUCTOSE CORN SYRUP IS NOT UNIQUELY
OBESITY-PROMOTING

H the HFCS-obesity hvpothesis is comect, there should be
something quantifiably unique about HFCS that is absent from
sucrose. The data presented thus far in support of the hypothesis
rely heavily on the metabolic comparisor of glucose and frue-
tose. It has been known for many years that fructose fed to
experimental animals or human subjects in high concentration
{up to 35% of calories) and in the absence of any dietary glucose
will produce metabolic anomalies (7, 8). The 1994 Fructose
Nutrition Review commissioned by the International Life Sci-
ences Institute was highly critical of this line of experimentation.
(27).

A pure {ructose diet is surely a poor model for HFCS, because
HFCS has equivalent amounts of glucose. Because no one in the
world eats a pure fructose diet, such experimentation must be
recognized as highly artificial and highly prejudicial and not asall
apypropriate to HFCS.

Sucrose is a far more satisfactory model for HFCS. Experi-
ments that test the HFCS-obesity hypothesis in a reasonable way,



[

Al

| tapraidd/aje-ajon/ajc-ajon/ajol1208/ajc2674d08g | moguaten | $=5 | 10/20/08 | 9:44 | Ari: 258258 | Input-jih |

HIGH-FRUCTOSE CORN SYRUP 38

by comparing it with sucrose, are only now beginning to be
published. In a notabie current study from 2007, Melanson et al
(28) compared the effects of HFCS and sucrose at 30% of calories
n 2 randomized 2-d visits in normal-weight women, Concluding
that there is nothing uniquely quantifiable about HFCS, they
reported no significant difference between the 2 sweeteners in
fasting plasma glucose, insulin, leptin, or ghrelin or in energy or
micronutrisnt intake.

BIGH-FRUCTOSE CORN SYRUP IS NOT PREDICTIVE
OF US OBESITY

Central to the HFCS-obesity hypothesis is its value in predict-
ing US obesity: Bray et al (10) associated its increased use with
increasing obesity rates berween 1960 and 2000, But does the
association continue beyond 20007

The Centers for Disease Control and Prevention recently re-
ported that overall, age-adjusted obesity rates obtained from the
Behavioral Risk Factor Surveillance System were 15.6%,
19.8%, and 23.7% for 1995, 2000, and 2005, respectively (29}.
Tae US obesity crisis continues to worsen. From Figure 2, how-
ever, itcan be seen that per capita calories from HFCS have been
stagnant since 1998 and in decline since 2002. Clearly, the as-
sociation between HFCS and obesity is no longer valid, and
HECS is not predictive of US obesity.

HIGH-FRUCTOSE CORN SYRUP IS NOT PREDICTIVE
OF GLOBAL OBESITY

There is a misconception that HFCS is not only the dominant
US sweetener, but the dominant world sweetener as well. Neither
is true. HFCS accounts for about one-half of the nutritive sweet-
ener used in the United States, but for only 8% of the nutritive
sweetener used worldwide; sucrose accounts for the rest (30).
The sugar economy is finmly established in many countries and
receitves beavy government economic and frade protection from
competing sweeteners and technologies, Until recently, Mexico
imposed a high use tax on HFCS to protect its domestic sugar
industry. In addition, HFCS production requires not only an
abundant and consistent starch source, but also the use of sophis-
ticated technology. These conditions are sagisfactority met in
only a few geographic Tocations.

This point is illustrated in Figare 4, in which 2005 obesity
rates derived from World Health Organization data (31) for 5
non-US countries are plotted against HFCS as a percentage of
national muritive sweetener use (30); US data are provided for
comparison. The non-US countries with the highest percentage
use of HFCS were South Korea, Japan, and Canada. However,
the highest obesity rates were in Mexico and Argentina, the 2
countries with the lowest percentage use of HFCS. Thus, HFCS
is not predictive of global chesity either, providing further evi-
dence that the HFCS-obesity hypothesis is not valid.

ELIMINATING HIGH-FRUCTOSE CORN SYRUP
WOULD NOT HAVE A SIGNIFICANT EFFECT ON
OBESITY

Nuiritive sweeteners are used in foods and beverages formany
reasons, including sweetness, mouthfee], colligative properties

usA |
8- Karea - [Ewres
CiObese women |
|E30bese men |
Japan : ;

Canatia |

Argenting

Mexico

0 10 20 30 40 50 60
Percent
FIGURE 4. World Health Organization obesity rates (BMI 2 30 kg/m?,

age =30 y) versus hgh-fruciose corn syrup [(HFCS): share of (sucrose +
HFCS)] in selected countries for 2005 (34, 31,

(eg, freezing point manipulation), moisture control, crystal struc-
ture, bulk, browning, carmelization, color, and fermentable sol-
ids. They are not easily replaced in products without risking
customer notice and displeasure, One could reasonably assume,
then, that if the use of HFCS were {0 be restricted or entively
eliminated in the United States—as some advocate—an alterna-
tive nutritive sweetener with similar physical and functional
properties would be sought. Because honey and fruit juice con-
centrates are produced in such limited quantities, it is likely that
companies would revert back to formulas circa 1970 and replace
HFCS with sucrose.

What would be the impact on obesity in the United States of a
change back to sucrose from HFCS? On the basis of the similar-
ities between sucrose and HFCS noted above, it can be predicted
with some certainty that there would be no change in caloric
intake, no change in basic metabolism, and no change in rates of
obesity. The substitution of sucrose for HFCS would be 2 nutri-
tional wash. The one change consamers would notice is higher
prices as sucrose is substituted for the less-expensive HFCS.

CONCLUSIONS

The hypothesis that HECS is a unique cause of obesity is not
supporiabiein the United States or elsewhere, and the reasons are
clear:

e HFCS has the same sagars composition as other “benign”
fructose-giucose sweeteners such as sucrose, honey, and
fruitjuice concentrates and dietary sources such as fruits and
juices;

& Increased caloric intake since 1970 was not due to added
sugars (including HIFCS) but rather was due to increased
consumption of alt caloric nutrients, especially fats and flour
and cereals;

= HFCS 1s consumed in equal amounts with sucrose in the
United States, but at <<10% of the amount of sucrose world-
wide;



| tapraidd/aje-sjcn/ajc-ajon/ajc01208/ajc2674d08g | mogquaten

[ $=5 | 10/20/08 | 9:44 | Art: 258258 | Input-jih |

65 WHITE

# Fructose-glucose sweeteners are metabolized through the
same pathways regardless of dietary source;

Although pure fruciose can cause metabolic upsets at high
concentrations and in the absence of glucose, such experi-
ments are irrelevant for HECS, which is not consumed at
extreme high levels and containg both fructose and glucose:
There is no longer an agsociation between HECS and obesity
in the United States: per capita consumption of HFCS has
declined in recent years, whereas obesity rates continue 1o
rise; and

There is absolutely no association between HFCS use and
worldwide obesity; HFCS is really a minor sweetener in the
global perspective.

L]

‘e

No one world disagree that HFCS as a caloric ingredient can
tead to weight gain il products sweetened with it are consumed to
excess. After all, the same may be said for all caloric ingredients,
such as fats, protein, aleohol, and other carbohydrates. But there
is absolutety no proof that HECS acts in any exclusive manner o
promote obesity. It is time to retire the hypothesis that HECS is
ummiquely responsible for obesity.

Other artictes in this supplement to the Journal include refer-
ences 34-37,

The auther is a consultant 1o the food and beverage industry In mutritive
sweeteners, including HFCS and sucrose. His professional associations, past
and preseat, inchude individuai food industry companies as well as such
orgamizations as the American Chemical Society, American Council on Sci-
ence and Health, Calerie Control Council, Corn Refiners Association, Inst-
tete of Food Technologists, and International Life Sciences Tnstitute.
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Research Shows HFCS and Sucrose Affect Trigiycerides and Uric Acid Similarly*
The Effect of High Fructose Corn Syrup on Post-Prandial Lipemia in Normal Weight Females.

Linda M Zukiey', Joshua Lowndes’, Kathleen J Melanson®, Von Nguyen', Theodore J Angelopouios’, James M Rippe'.
‘Rippe Lifestyle Institute, 400 Celebration Place, Celebration, FL, 34747, Nutrition & Food Science, Rhode Istand
University, 106 Ranger Hall, Kingston, Ri, 02881.

Introduction: Fructose has been implicated in potentially promoting obesity, due in part fo its lipogenic effect.
Most work has examined the effects of pure fructose rather than high-fructose corn syrup (HFCS), the
commonly-consumed form of fructose. A further concern is that postprandial lipemia, a risk factor for
cardiovascular disease, may be greater after fructose consumption iikely due to hepatic lipogenesis. In the past
thirty years HFCS has largely replaced sucrose as the sweetener used in carbonated soft drinks in the USA.
The purpose of this study was to compare the effect of HFCS versus sucrose sweetened soft drinks as part of a
normal diet on triglycerides in normal weight females.

Methods: Thirty normal weight women {mean age 33.0 10.8 years, mean BMI 22.42 1.65) were studied on two
randomized 2-day experimental visits to our metabolic unit during which HFCS and sucrose sweetened
beverages were consumed with isocaloric diets on day 1 while blood was sampled. On day 2 of these visits,
food was eaten ad libitum. Blood was sampled every 30 minutes for the first 16 hours and then every 60
minutes thereafter. Net area under the curve was calculated using the trapezoidal method after subtracting each
value from the baseline value.

Results: No significant differences between the two experimental visits were seen in fasting values of
triglycerides (p=NS). The within day variation was not different between the two experimental visits. Net areas
under the curve were also similar (p=NS). There were no differences in energy or macronutrient intake on day 2
(ad-libitum feeding).

Discussion: These short-term results suggest that when fructose is consumed in the form of HFCS, there are
no differences in the metabolic effects in lean women compared to sucrose. Further research is required to
determine if the current findings hold true for obese individuals, or in individuals at risk for the metabolic
syndrome.
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The Effect of High-Fructose Corn Syrup on Uric Acid Levels in Normal Weight Women.
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introduction: Over the past 3 decades dietary fructose consumption has increased greatly, a trend coinciding
with the emergence of the obesity epidemic. As such, excess fructose consumption has been investigated for its
potential causative roll. Recent evidence also suggests a potential link between fructose consumption and the
development of the metabolic syndrome, independent of weight gain, as a result of uric acid mediated
endothelial dysfunction. Over the past 30 years HFCS has largely replaced sucrose as the sweetener in
carbonated soft drinks (CSD) in the USA. The HFCS in CSD represents a major source of fructose in the USA
diet. Therefore the purpose of this study was to compare the effects of HFCS when consumed as part of mixed
_ meal, on uric acid levels compared o sucrose consumption.

Methods: Thirty normal weight women (mean age 33.0 10.6 years, mean BMI 22.42 1.65) were studied on two
randomized 2-day experimental visits to our metabolic unit during which HFCS and sucrose sweetenad
beverages were consumed with isocaloric diets on day 1 while blood was sampled. On day 2 of these visits,
food was eaten ad libitum. Blood was sampled upon entering the metabolic unit at Sam, and two hours
subsequently until 7am the following morning.

Resuits: No significant differences between the two experimental visits were seen in fasting values of uric acid
(p=NS) all of which were within normal limits. The within day variation was not different between the two
experimental conditions (HFCS/sucrose). A post-prandial increase in uric acid concentration was only observed
after dinner {p=0.013), but this was comparable between the two {rials. There were no differences in energy or
macronutrient intake on day 2 (ad-libtum feeding).

Discussion: These short-term resuils suggest that when fruciose is consumed in the form of HFCS, there are
no differences in the metabolic effects in lean women compared to sucrose. Further research is required to
determine i the current findings hold true for obese individuals and males.
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Abstract Objective: Fructose has been tmplicated in obesity, partly due to lack of insulin-mediated leptin
stimulation and ghrelin suppression. Most work has examined effects of pure fructose, rather than
high-fructose com syrap (HFCS). the most commonly consumed form of fructose. This study
examined effects of beverages sweetened with HFCS or sucrose {Sug), when consumed with mixed
meals, an biood glucose, insulin, leptin, ghrelin, and appetite.

Methods: Thirty lean women were stedied on two randomized 2.d visits during whick HFCS- and
Suc-swectened beverages were consumed as 30% of energy on isocaloric diets during day 1 while
biood was sampled. On day 2, food was eaten ad libitum. Subjects rated appetite at designated times
throughout visits.

Resuite: No significant diffevences between the two sweeteners were seen in fasting plasma
glucose, insulin, leptin, and ghrelin (P > 0.05). The within-day variation in all four items was not
different berween the two visits (P > 0.05), Net areas under the curve were similar for glucose,
insulin, and leptin (F > 0,05}, There were no differences in energy or macronurient intake on day
2. The only appetite varisble that differed between sweeteners was desire to eat, which had a higher
ares under the curve the day after Suc compared with HFCS.

Conclusion: These short-term results suggest that, when fructose is consumed in the form of HFCS,
the measured metabolic responses do not differ from Suc in lean women. Further research is
required to examine appetite responses and to determine if these findings hold tree for obese
individuals, males, or longer periods. © 2007 Eisevier Inc. All righis reserved.

Kevwords: Sweeteners; Sugars; Fructose; Energy balance regulation; Food intake; Hunger; Satiety
Introduction : _ - currently the leading source of fructose in the diet in the
: : United States is high-fructose corn syrup (HFCS).
The consumption of total sugars has increased signif- HECS-55 used in CSDs contains 55% fructose and 42%

icantly in the past 30 y in the United States, with shifts in glucose [2]. It has been argued that increased consump-
the sources of sweeteners [1,2]. Before the mid-1960s  tion of fructose in the diet may be a contributing factor to
carbonated soft drinks (CSDs) were largely sweetened  the dramatic increase in obesity in the United States and
with sucrose (Suc; 50% glucose and 50% fructose), but  other developed countries, because fructose does not

stimulate the production and secretion of insulin [3,4].

. . ' A role for insulin in the regnlation of energy balance and
This work was funded by PepsiCo. i i | i .

* Comesponding autho. Tel.: +407-882-0036; fax: 407-882-0037. adiposity was postulated in the early 1970s [5], and since
E-mail address: langelop @mailucf.edu (T. J. Angeiopoulos). this time considerable evidence has supported this hypoth-
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esis. Insulin may influence energy balance through direct
actions on the central nervous system that regulate energy
intake [6,7] and through its influence on leptin. Insulin-
mediated glucose uptake and metabolism in adipose tissue
plays 2 key reguiatory role in leptin concentrations [8,9].
Leptin, whose diurnaj patierns have been shown to be reg-
ulated by insulin [10], is recognized as a medium- to long-
term regulator of energy balance through its effects on
reducing energy intake and simulating energy expenditure
[11]. Deficits in leptin production have been demonstrated
to be associated with inereased body adiposity in humans
{10.121.

Blood giucose, insulin, and leptin tend to be inversely
related to circulating ghrelin in the fasting [13] and fed
[14-16] states. Ghrelin, an orexigenic hormone secreted
from the enteroendocrine cells of the stomach, is implicated
in shori-term hunger, food intake, and body weight [17-20%.
Ghrelin administration in rodents leads to increased food
intzke and body weight, and in humans it has been shown to
increase food intake {17,211, Circulating ghrelin is highest
in humans in the fasting state, shows premeal increases that
are associated with hunger and meal initiation, and is sup-
pressed upon food ingestion [18,21,22]. Carbohydrate-rich
. meals have been shown to suppress ghrelin and associated
stbjective hunger more so than fat-rich meals (22,233,

which is likely due to effects on glycemia and possibly.

insulinemia [16,13].

Fructose, unlike glucose, does not smnulate insnlin se-
cretion from the pancreatic B cells [24,25]. In a recent
study, fructose, consumned with mixed meals, was shown to
result in decreased circulating insulin and leptin and to
atfenuate postprandial suppression of ghreiin in women as
compared with dietary glucose [16]. It was concluded that
the differential effect of fructose on energy regulatory sys-
tems compared with glucose might conribute to increased
calorie intake and uldmately contribute to weight gain and
obesity during long-term consumption of a diet high in
fructose [16]. However, pure fructose and glicose are not
cnmménly consumed, as are Suc and HFCS. Based on these
findings [16] and the fact that Suc has been replaced by
HECS 1o a large extent over the past 40 y, the primary
objective of the present study was to compare the effects of
HECS with the effects of Suc on endocrine sysiems asso-
ciated with energy balance, including insulin, leptin, and
ghrelin, and with appetite through subjective ratings and ad
libitum consumption. The aim was fo investigate whether
HFCS may have more deleterious effects on measured in-
dicators of energy balance control as compared with Suc.

Materials and methods
Study design

This study was Ja.single—site, randomized, prospective,
double-blind trial comparing the effects of HFCS-55 (55%

fructose) with those of Suc (50% fructose) on circulating
concentrations of hormones regulating bedy weight and
appetite (insulin, leptin, and ghrelin) over 24 h. We hypoth-
esized that there would be no significant differences in these
energy regulatory systerns when comparing HFCS-55 with
Suc-sweetened CSDs in healthy-weight female volunteers.
The protocol was approved by the Florida Hospital Cele-
bration Health institutional review board, and all subjects
signed informed consents. |

. Subjects

Non-smoking women 20 to 60 v of age with body mass
indexes of 1925 ke/m?* were recruited. Exclusion criteria
included prescription medicadons, consumption of more -
than two carbonated soft drinks per day, or enroliment in
weight-loss programs during the previous month, or a >5-b
weight loss during the past 3 mo. Other exclusions included
a surgical procedure for weight loss at any time or major

_surgery within 3 mo of enrollment, history of thyroid dis-

ease, diabetes, glucose intolerance, cardiovascular diseases,
uncontrolled hypertension, gastromtesnna} disorders, can-
cer, eating disorders, pregnancy, lactation, dietary restric-
tdons or allergies that would limit the ability to adhere
dietary requirernents of the study, consumption of >14
alcoholic drinks per week, and caffeine dependency. A
standard 2-h oral glucose tolerance test was performed to
rule out the presence of impaired glucose tolerance in all
participants.

Body composition was determined by air displacement
plethysmography in a self-contained system comprised of a
computer-integrated dual-chambered air plethysmograph
equipped with a digital scale (model 2000A, Life Measure-
ments Incorporated, Concord, CA, USA). This equipment

. and methodology have been validated extensively by repu-

table research groups over a wide range of fest subjects
[26,27]. Pasting state multiple measuremnents were taken,
and percent body fat and lean body miass were caleulated
from body volume as is done with other densitometric
methods {28]. To assess baseline dietary intake, all individ-

“nals completed a 3-d food record, which was analyzed by

registered dietitians trained 10 use the Nutriem Data System
for Research (NDS-R) software (University of Minnesota,
Minneapolis, MN, USA}.

Each subject underwent two experimental visits in ran-
domized order, spaced 1 mo apart. Both visits included two
nights and two days in the clinical metabolic unit (CMU).
During the first 24-h period dietary intake was conwotled
(day 1), and subjective appetite was monitored. For the next
12 h, subjects ate ad libitum {(day 2). During day 1, the
controlled diet was ﬁccompanied by beverages sweetened
with HFCS-55 (HPCS condition) or Suc (Suc condition), as
described below. Being a double-blind study, neither the
subjects nor the investigators knéw the identity of the bev-
erages. The blinding was not broken until all analyses were
complete.
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Al studies were conducted during the mid-follicular
phase of each subject’s menstruai cycle to avoid metabolic
and appetitive shifts that may occur during menses, ovula-
tion, and the late luteal phase in many women. Because
visits were spaced 1 mo apart, they were scheduled so that
" each woman was tested on the same day of her cycle for
both test days. Subjects maintained normal dietary intake
and exercise during the interval between the study sessions.

The 2 ¢ before both test visits were preparation days. The
purposes of .these days were to ensure that the subjects
followed general guidelines well to avoid factors that might
affect the measurements during test visits and to ensure that
subjects entered cach of the two testing visits in as similar
a metabolic state as possible. During these 2 d, a standard-
ized diet was followed by all-subjects to control for energy
and macronutrient intake and to ensure the ability to comply
with dietary prescriptions. Volunteers were instructed in
detail on diet and physical activity for the preparation days.
The diets reflected the energy and macronutrient contents of

standardized diets to be fed on the test visits. No alcohol )

~was consumed by subjects on these preparation days, and
caffeine was limited to two beverages per day. Physical
activity was restricted to =1 h of moderate to vigorous
exercise each day. Upon arrival at the CMU, subjects met
with registered dietitians to verify compliance with the
preparation diet and activity day instructions.

The test visits commenced on the evening before each
experimental session. Subjects entered the CMU at Florida
Hospitd! Celebration Health at 1700 h (day 0). At 1800 h, a
standardized dinner was given, with macronutrient distribu-
tion reflecting that of the controlied test diets, and energy
composition geared to meet one-third of each subject’s
estimated daily requirement (as described below). They
then fasted overnight while staying in the CMU. The next
mdrning (day 1), at 0800 h an intravenous catheter was

“inserted and kept patent with slow saline infusion to allow
for blood sampled over the next 24 h. During this time, the
subjects consimed the controlled diet as breakfast, lunch,
and dinner, served with the test beverages. These beveragcs
were sweetened with HFCS-55 or Sue as 30% of energ
intake. Meals were ingested in entirety within 15 min while
subjects were observed for compliance to standardize the

timing of data collection. Subjects rated appetite throughout

the day by using 10-cm visual analog scales (VASs; de-
scribed below). _

Blood sampling was complete on the morning of day 2,
but subjects remained in the CMU until 1900 h. Duriag this
fime, subjects were given breakfast, lunch, and dinner
menus of prepared various foods to be consumed ad libitum
during the meal. They were asked to select the foods they
wished to eat and to eat as much as they would like, All
portions were served in excess. For beverages, they were
allowed to choose among decaffeinated coffee or tea, fruit
juice, milk (non-fat, 2%, or whole), and water. Menu items
were designed to be acceptably palatable, but not especially
appealing to the senses, because the intention was for the

subjects to select according to physiologic hunger rather
than hedonic appeal. However, palatability of these foods
was rated by each subject on a VAS. Amounts consumed
were determined by weighed differences, but subjects were
not aware that their food intake was monitored. Ad Hbitum
intake was only allowed during the three meals of the day to
avoid interference with the VAS appetite ratings between
meals, Each subject was required to ingest =1 L of water
over the course of each study day. This was necessary to
ensure adequate bydration and standardize possible effects
of fiuid consumption on sppetite. The total volume of fuid
consumed by each subject was carefully measured.

Diet

Each subject ingested breakfast, lunch, and dinner on
day 1, which was the controlled intake day. The nutrient
composition of the diet was determined using NDS-R soft-
ware. At 0900 h they ate a bagel, cream cheese, and scram-
bled eggs; at 1300 h they ate a chef’s salad with turkey,

- cheese, and a dinner roll; at 1800 h they ate a chicken breast,

mashed potato, carrots, and a roll with butter. Total energy
intake was individualized according to sach subject’s esti-
mated daily energy expenditure by nsing a direct measure-
ment of resting metabolic rate (MedGem, HeaitheTech,
Golden, CO, USA), along with an activity factor adjustment
(1.3). Percentages of energy coming from fat, protein, and
carbohydrate were 30%, 15%, and 55%, respectively. The
total carbohydrate component consisted of 25% from com-
plex carbohydrate and 30% from HFCS-55 or Suc, which
were used to sweeten the beverages served with the meals.
Subjects were given periodic 10-cm VASs, timed around
meals, between each meal, and at bedtime, to rate hunger,
desire to eat, and thirst. These scales were anchored by the
statements “not at all” and “extremely.”

Blood sampling and analyses

During the first 24 h when the catheter was in place,
bicod samples were obtained before and after each meal, at
30-rmin intervals untl 1300 k. and then hourly undl catheter
removal the next morning. This protocol allowed frequent
sampling for >6 h after dinner completion, when a noctur-
nal rise in leptin secretion would be anticipated. For each
sample, | mL of blood was removed to clear sakine from the
catheter, and then 5 mL was collected into an Vacutainer
tube (Becton Dickinson and Company, Franklin Lakes, NJ,
USA) containing ethylene diaminetetra-acetic acid. Plasma
gincose was measured with a YSI Glucose Analyzer (Yel-
low Springs Instruments, Yellow Springs, OH, USA).
Plasma samples for analysis of insulin, leptin, and ghrelin
were treated with protease inhibitors, centrifuged, aliguoted,
and frozen at —80°C. Batches were sent on dry ice to Linco
Diaguostic Services Inc. (St. Charles, MQ, U54A) ané mea-
sured by radioimmunoassay.
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Data analysis

A two-way analysis of variance with repeated measures
(time and trial) was performed to assess differences in the
fiuctnations of glucose, insulin, leptin, ghrelin, and VAS
appetite ratings with respect to the two trials. Net areas
under the curve (AUCs) were calculated using the trapezoi-
dal model for plucose, insulin, and leptin in-accordance with
the method used by Teff et al. [16]. Absolute AUCs were
also calculated for VAS appetite ratings for each trial. Dif-
ferences in AUC between the two trials were determined
using a two-way analysis of variance with repeated mea-
sures (trial and order of treatment). Dietary intake was
analyzed with paired sample 7 tests for differences between
trials on day 2 (ad libitum feeding). Significance levels were

two-sided with an o valve egual to 0.05. All data are,

reported as means £ SD.

Results
Subjects

Characteristics of subjects in the study are listed in
Table 1. As dicteted by inclusion criteria, oral ghicose
tolerance test results were normal for all subjects. There
were no significant differences in day of the menstrual cycle
between the two experimental visits (HFCS visits 10.1 &
2.3: Suc visits 9.4 = 2.8). Body weights also did not differ
between experimental visits (HFCS visits 135.7 & 14.5 Ib;
Suc visits 135.8 % 14.1 To). '

Blood glucose, insulin, leptin, and ghrelin

No significant differences between the two experimental -

visits were seen in fasting plasma glucose, insulin, leptin,

Table 1

Subject characteristics

Variabie Randomized (n = 30)
Age {y) 33.0 = 10.6
Systolic blood pressure (mmig) 105.7 £ 19.9
Diastolic biood pressure (mmkEg). 711 *= 64
Waist circumference (cm) TS5+ 48
BMI (kg/m™) 24x 17
Weight (kgj 60.2 = 6.6
Body fat (%) 315267
Body fat (kg) 19.1 £ 51
T.ean mass (g} 413+ 50
Cholesterol (mg/dL} 1729 % 37.5
‘Triacylglycerols {mg/L} 764 349
HDL cholesterol (mg/dl) 613128
LDL. cholesterol (mgfdl.} 963 = 29.7
Cortisol (pgfdL} 142% 60
Insolin {pU/ml) 50% 348

Resting metabolic rate (keal/24 h) 1R87.0 + 2202

BMI, body mass index; HMDL, high-density lipoprotein; LDL. iow-
density lipoprotein
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Fg. . Plasma glucose concentrations during day 1 of experimental visits
in 30 women when consuming HFCS- or sucrose-sweetened beverages as
30% of energy on encajoric diets. To converi ghucose concentrations o
millimoles per liter, multiply by 0.556. The calenlated area under the curve

“js presented in Table 2, HFCS, high-fructose comn syrup.

_and ghrelin (P > 0.05). As shown in Figures ] to 4, there

were no between-trial differences in within-day variation
for the two experimental visits for any of these four var-
ables (interaction P > 0.03). Typical noctarnal peaks were

_seen for leptin and ghrelin, which did not differ between

treatments. For 2]l blood variables measured, there were no
significant differences between conditions regarding the
change from fasted to postprandial values at 30 or 60 min
after any of the three meals. After each meal, ghrelin was
suppressed in a similar manner by HFCS and Suc. Net
AUCs for glucose, insulin, and leptin, which did not differ
significantly, are presented in Table 2.
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Fig. 2. Plasma insulin concentrations during day 1 of experimental visits in
30 women when consuming HFCS- or sucrose-sweetened beverages as
30% of energy on eucaloric diets. To convert insulin concentrations to
micromotes per liter, multiply by 6. The calcuiated area under the curve is
presented in Table 2. HFCS, high-fruciose com symup.
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Fig. 3. Plasma leptin concentrations during day 1 of experimental visiis in
30 women when consuming HFCS- or sucrose-sweetened beverages as
30% of energy on eucaloric diets. To convert leptin concentrations to
nanomoles per liter, muldply by 0.0625. The calculated area under the
curve is presented in Table 2. HFCS, high-fructose com syrup.

Dietary intake

Comparisons of dietary intake between the two experimen-
21 visits are presented in Table 3. There were no between-rial
differences for any dietary component during ad libitam feed-
ing (P > 0.05).

Appetite ratings

As shown in Figures 5 to 7, the within-trial variation in
hunger, desire to eat, and thirst ratings were similar between
trials for days 1 and 2 (inferaction P > 0.035). There were no
batween-trial differences in AUC for VAS appetite ratings
except for day 2 desire to eat (F = 5.776, P = (,023), which
was significantly higher during the Suc condition, as shown
in Figure 8.

Effect of treatment order

Of the 30 participants, 16 consumed HFCS on their first
experimental visit and 14 consumed Suc on their first visit.
In all instances there was no treatment by treatment order
interactions (all P > 0.03).

Diiscussion

This study compared the metabolic and appetitive effects
of HFCS-55 and Suc under controlled, randomized, double-
blinded conditions in non-obese women. In two 2-d exper-
imental visits separated by 1 mo, the women ate isocaloric
diets on day 1 with HFCS- or sucrose-sweetened beverages,

during which blood was frequently sampled. Oa day 2 of
these visits, women ate ad Ibitum, VAS appetite ratings
were completed throughout the experimental visits. Blood
glucose, insulin, leptin, and ghrelin did not differ at any time
point between conditions, nor did their AUCs. Similarly, no
differences in energy or macronutrient intakes were seen
between the visits when the two sweeteners were consumed.
The only difference in appetite ratings between the two
conditions was a greater desire-to-cat AUC on day 2 after
Suc compared with HECS,

Because prospective epidemiologic data have associated
increases in sugar-swestened beverages with weight gain -
[291, clinical studies are needed to discern if 2 causal mech-
anisrn exists in this relation. Recently, fructose has been
implicated as a sugar that may be responsible, at least in
part, for increases in obesity in recent decades, due to #s
jfack of insubin and leptn stimulation, and its failure to

" suppress ghrelin [3,4). However, most mechanistic studies

have tesied pure fructose rather than the more commeonly
consumed form, HFCS [2]; thus this experiment was de-
signed to examine potential mechanisms in the real-fife
situations of HFCS and Suc consumption.

Insulin may be a key element in producing a chain of
events that leads to increased satiety in the long term {30],
As a result of elevations in blood glicose, increased circu-
lating insulin may amplify satety through actions within
the central nervous system [8,31,32]. Two possible actions
have been proposed. The first is through a direct effect on
the central nervous system, causing inhibition of food in-
take, which has been shown in animal models [30,33]. The
second is by stimulating leptin. Leptin, secreted by adipo-
cvies, has important regulatory effects in the maintenance of
body weight, metabolism, and reproductive function [34] by
acting on the central nervous system to 'inhibit food intake
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Fig. 4. Plasma ghrelin concentrations during day 1 of experimental visits in
30 women when consuming HFCS- or sucrose-sweetened beverages as
30% of energy on eucaloric diets, To convert ghrelin concentrations to
picomoles per liter, muoldpty by (.296. BFCS, high-fructose corn syrup.
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Table 2
Net AUCH (0900~0700 b for tie 22 h after a fasting baseline sample was collected

’ HFECS Suc F P
Glucose (mg/dl) at 22 h 144.8% + 116.62 121.33 = 135.67 (.823 NS (0372)
Insulin (uU/mi) at 22 h 5(7.98 = 282.18 436,55 + 194,19 4,324 NS§ (0.052)
Leptin (ng/dL) a1 22 h 104.35 = 51.10 6232 : 38.73 3.168 NS (0.086)

AUC, arsa under the curve; HECS, high-fructose corn syrap; Suc, sucrose

= Net AUC réfers to shove the baseline value (glucose and insulin} or above the nadir (before 1200 b for leptin),

and activate thermogenesis, Whereas insulin is secreted in
acute response {o meals, leptin stimulation is delayed for
several hours [35,36]. Therefore, leptin may be involved in
longer-term energy intake conwol. Insulin and leptin stim-
ulate centra} pathways and are secreted in proportion to
body adiposity, although circulating levels are also influ-
enced by recent energy intake [30,37,38]. The action of
leptin is by the hypothalamus, stimulating energy expendi-
ture from basal metabolism and reducing the drive to eat
[11], and poténtially inhibiting the effects of the orexigenic
hormone ghrelin [39,40]. Inter-relations among insuiin, lep-
tin, and ghrelin may provide mechanisms through which
‘short-, medinm-, and long-term energy balance controls are
linked. Ghrelin, which is secreted primarily by the stomach,
has been implicatsed in the pathogenesis of obesity
[22,41,42). In rodents ‘and in humans, ghrelin has been
- shown to increase before meal initiation, leading to hunger
and food intake, and it subsequently declines after food
ingestion [17,21,22,41]. However, in humans, higher body
weight is associated with lower ghrelin levels [13], and
diet-induced . weight loss is associated with elevations in
plasma ghrelin, which may promote recidivism [41]. These
data indicate a critical role of ghrelin in energy balance, and
its relation to dietary factors deserves further research at-
tention. ‘
Consumption of h1gh—fatﬁow—carb0hyd:ata meals results
in lowered 24-h circulating leptin concentrations in normal-
weight women compared with low-fat/high-carbohydrate
meals [40]. Leptin has also been shown to be reduced after
consumption of meals accompanied by beverages sweet-
ened with fructose, a sugar that induces low glycemic re-
sponses, as compared with glucose [16]. In the present

t

study, HFCS and Suc consumption resulted in stimulation
of insulin and leptin secretion, which was associated with no
differences in ad libitum consumption after the day of test
sugar consumption. Paradoxically, the AUC for insulin
tended to be somewhat higher during the HFCS condition,
but this did not reach statistical significance. Two days of
appetite ratings were also similar between the test visits,
with the exception of desire to eat, which washigher the day
after Suc consumption.

A recent weight-loss study in obese individuals showcd
that a 12-wk high-carbohydrate (65%), low-fat (15%) diet
did not result in the expected increases in ghrelin or appe-
tite, suggesting that isocaloric substitution of dietary carbo-
frydrate for fat may lower ghrelin levels and thus hunger
[43]. Glucose administration has been shown to lower
plasma ghrelin [14,15]. In the present study, HFCS and
Suc consumption resulted in similar ghrelin suppression
as has been seen in other mixed-carbohydrate feeding
studies {23] and in greater ghrelin suppression as com-
pared with a similar study in which pure fructose was fed
rather than HFCS [16].

Recent data have suggested that high-fructose intake
may be lipogenic [3] and may fail to suppress ghrelin {16],
Pure fructose does not increase plasma glucese or insulin to
any great extent. Data from this study showed similar
plasma glucose and insulin responses to HFCS-55 and Suc,
which contain some fructose and some glucose. The mean
glycemic indexes (Gls) of fructose, glucose, and Suc are
reported as 19 = 2,99 = 3, and 68 * 5, respectively (with
the reference carbohydrate being glucose) (44]. The GI of
HFCS is not published, but the GI of colas sweetened with
it is 58 = 5 [44], which is less than with Suc. Our data

Table 3
Dietary intake during experimental visits for day 1 (calorie and macronutrient conirolled feedmg) and Gay 2 (ad librum feeding)
Day i Day 2 P for between-
— trial difference
HFCS and Suc HFCS a Suc for day 2
Total energy {keal} 1790.5 = 272.2 1884.9 = 314.0 1802.5 = 4471 3,220
Total fat (g) 59863 60.7 = 20.0 532k 168 0.097
Calories from fat {%) 30.1 £ 0.3 20053 2717 x+59 0.255
Tostal carbohydrates (g) 2470 % 37.% 229.8 = 727 2245 * 627 0.625
Calories from carbohydrates (%) ZRzx02 48.5 £ 64 486 £ 5.7 0.413
Total protein (g) 67.5 = 101 104.6 = 32.0 101.3 & 30.9 0.420
Calories from protein (%) 151 = 0.1 224 %47 22643 0.830

HFCS, high-fructose corn. syrup: Suc, sucrose
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Fig. 5. Time course of hunger ratings from 30 women during 2-d test visits
when consuming HFCS- or sucrose-sweetened beverages as 30% of energy
on eucaloric diets. (Top) Day 1, when energy intake was controlled;
(bottom) day 2 while eating ad Hbitmm (squares. HFCS; miangles, sucrose;
interaction P > 0.05), HFCS, high-fructose com syrup.

demonstrate that these two sweeteners do not differ signif-
icanfly- in their glycemic or insulinemic responses when
consumed with foods, despite their slight difference in fruc-
fose content. Peaks of insulin and glucose secretion after
HFCS and Suc in the present study were intermediate as
compared with the higher peaks after glucose consumption
and lower peaks after fructose consumption seen in the
study by Teff et al. [16]. Nadirs of glucose and insulin were
similar to those seen in the study by Teff et al. {16]. This is

not surprising because the Gis of HFCS and Suc are inter-

mediate as compared with those of fructose and glucose.
In the study by Teff et al. {16], ghrelin was suppressed
after the first meal by about 30 and 100 pg/mL for the
fructose and glucose meals, respectively. In contrast, in the
present study, ghrelin was suppressed by >200 pg/mL after
Suc and HFCS meals. This greater ghrelin suppression
occurred despite plasma glucose and insulin levels similar

to those in the previous study [16]. As mentioned carlier,
insufin and glucese have been shown to suppress circulating
ghrelin [14.15].

In the present study, appetite ratings did not differ
between HPCS and Suc on the days when energy intake
was controlled (day 1), as has been reported in compar-

isons of fructose and glucose [16]. However, on day 2,

when subjects ate ad libitum, they expressed a slightly,
yet significantly, higher desire to sat the day after Suc as
compared with the day after HFCS. The reasons for this
difference are not clear. It is unlikely that they are related
to the higher QI of Suc, because glycemic responses did
not differ significantly between the different sweeteners,
The main difference between the sweeteners is in their
fructose content (55% in HFCS versus 50% in Suc). Data
on the effects of fructose on appetite and energy intake
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Fig, 6. Time course of desire-io-eat ratings from 30 women during 2-d test
visits when copsuming HFCS- or sucrose-sweetened beverages as 30% of
energy on eucalotic diets. (Top) Day 1, when energy intake was controlled;
(bottom) day 2 while eating ad libitum (squares, HFCS; triangies, sucrose;
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tom) day 2 while eating ad lbitum (squares, HFCS; friangles, suCrose;
interaction P > 0.05). HFCS, high-fructose com syrup.

are conflicting, and data on the effects of HFCS versus
Suc are extremely limited. Although some. studies have
shown decreased appetite with fructose compared with
glucose [45-47], others have not [48-30], especially
when fructose is consumed in combination with other
carbohydrates [16,51 ,52], as applies to the present study.
HFECS and Suc have been associated with increased ad
libitum energy intake when compared with non- -caloric
sweeteners [53,54], but this may be related to their en-
ergy content. In the present study, no significant differ-
ences in total intakes of energy or macronufrients were
seen after 2 day consuming HFCS versus a day consum-
ing Suc. This corroborates a lack of differences between
intakes when the two sugars compared were pure fructose
and glucose [16], Lack of differences between HEFCS and
Suc treatments in energy intake and hunger ratings are

titegrated Thigst Ratigs-AUC

not surprising in the present study due to the similar
responses in plasma glucose, insulin, leptin, and ghrelin,
all of which have been postulated as metabolic/endocrine
signals of energy intake congrol {551,

Because ‘the present protocol was conducted in
healthy-weight women, it cannot be generalized to men
or to overweight or obese populations. Thus, additional

‘Hishiger Rating -AUC
FERTSlicrose

B

Integrated Hunger Ratings:AUC

Desire fo Eat Rafing - AUC

= N Lo H § o
w ] T F--

=¥ 1umm- EI%

ko8 e

o E i o)
R kB : el
B N ¥ e
5

2
3~ Day2

ay:
'TDIﬁErez’l‘l: from: HPCB PO

“Thirst Rating ~AL

30160

200004

10000

Dy ~B‘—:huurs

Fig. 8. AUCs for hunger (top), desire to eat (middle), and thirst {bottom)
ratings from 30 women doging the 2-d test visits {shaded bars. HFCS:
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fructose com syrup. .
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research should be conducted to examine the effects of
HFCS on endocrine regolators of metabolism and appe-
tite in such other groups. Additional metabolic indices
shoulé be investigated as mechanistic studies of HFCS

continue. Longer-term investigations of the effect of

HFCS on energy balance control systems are also needed
to further understand the potential effect of this sweet-
enst on body weight.

Sixmmary

In 30 non-obese women, HFCS and Suc resulted in
similar circulating glucose, insulin, leptin, and ghrelin lev-
els and appetite over a day when fed as 30% of energy with
meals under controlled conditions. On the day after sweet-
ener consamption, ad libitum energy and macromuirient
intakes and most appetite ratings were similar.
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Effects of glucose-to-fructose ratios in solutions on subjective
satiety, food intake, and satiety hormones in young men'~®

Tina Akhavan and G Harvey Anderson

" ABSTRACT -

Backgreund: The greater prevalence of obesity and the metabolic
syndrome in the past 35 y has been atiributed to the replacement of
sucrose in the food supply with high-fructose corn syrup (HFCS).
Ohjective: Two experiments were conducted to determine the effect
of solutions containing sucrose, HFCS, or various ratios of glucose
to fructose (G:F) on food intake (FI), average appetite (AA), bleod
clucose (BG), plasma insulin, ghrelin, and uric acid (UA) in men.
Design: Sugar solutions (300 keal/300 mL) were {(in %} G20:F80,
HECS 55 (G45:F55), sucrose, and GRMF20 (experiment 1, n = 12)
and G20:F80, G35:F63. G3(LF50, sucrose, and G8G:F20 (experi-
ment 2, n = 19}, The controls were 2 sweet energy-free control
(experiment 1) and water (both experiments). Solutions were pro-
vided in arepeated-measures design. AA, BG, and Fl were measured
in ali subjects. Hormenal responses and UA were measared in 7
subjects in experiment 2. Measurements were taken from baseline to
75 min. Fl was measured at 80 min. _

Resulis: Sucrose and HFCS (experiment 1) and sucrose and G56:
F50 (experiment 2) had similar effects on all dependent measures.
All sugar solutions similarly reduced the AA area under the curve
(AUC). FI and plasma UA concenirations were significantly (P <
0.05) lower after high-glucose solutions than after low-glucose so-
lutions. The lower F was associated with a greater BG AUC (P <
0.05) and smalier AA and ghrelin AUCs (P << 0.01). Insulin and BG
AUCs were positively associated (£ < 0.001).

Conclusion: Sucrose, HFCS, and G30:F50 solations do not differ
significantly in their short-term effects on subjective and physio-
Iogic measures of satiety, UA, and FI at a subsequent meal. A
J Clin Nutr 2007:86:1354--63.

KEY WORDS Fructose, ghicose, sucrose, high-fructose corn
syrup, blood glucose, insulin, ghrelin, uric acid, appetite, food intake

INTRODUCTION

The increase in the prevalence of obesity in the past 35 v has
occurred concurrently with the increased availability of added
sugars in the food supply and the increased replacement of su-
crose with high-fructose corn symp (HFCS). Thus, it has been
hypothesized that HFCS has contributed to overeating and obe-
sity (3, 2).

However, the role of increased availability of sugars—and
specifically of FHIFCS—in the national food supply, as a signifi-
cant independent contributor to the current epidemic of obesity,
is uncertain for several reasons. First, the avaiiability of sugars
has not increased disproportionately to the increased availability

1354

" of total fat, protein, and energy per capita {3). Second, sugars

suppress short-term food intake (FI) in children (4, 5) and adults
(6-9), and the magnitude of this effect is inversely related to the
glycemic response that those sugars eficit (10, 11). Third, HFCS
is a nutritive sweetener containing an unbound form of the same
monosaccharides as sucrose (sugar). Sucrose is composed of
50% fructose and 50% glucose linked together by «-1-4 giveo-
sidic bonds, The most common forms of HECS are HFCS 55%
and 42%. HFCS 55%. used primarily in beverages, is composed
of 43% glucose and 55% [ructose, and HFCS 42%. used primar-
ily in foods, is camposed of 38% glucose and 42% fructoss (2).

Nevertheless, it is biologically plausible that the ratio of glu-
cose to fructose (G:F) in solutions is a determinant of FL Fruciose
does not increase the satiety signals of blood glucose (BG) and
insulin to the same extent as does sncrose or ghucose do (12-14).
Short-ierm FI is inversely related to the glycemic (10, 11} and
insulin (15) responses to sugars, and it has been proposed that
fructose does not suppress ghrelin, a gastric appelite hormone
(2). Therefore, we hypothesized that high GiF consumed in so-
Tutions would lead to a greater response in satiety hormones,
subjective satiety, and FI at a later meal than would low GIF. bt
that there would be no differences among equicaloric solutions
containing sucrose, is monosaccaride comporents, ané EFCS,

SUBJYECTS AND METHODS

Subjects

Nonsmoking males aged 18-35 v with a body mass index
{BMI, in kg/m”) between 20 and 26 were recruited by postings
around the St George campus of the University of Toronto. Sub-
jects who had diabetes (fasting glucose = 7.0ommeol/L} or liver or
kidney disease, who had undergone a major medical or surgical
event within the past 6 mo, or who were breakfast skippers,
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dieters, or under medication were excluded from all sessions.
Restrained eaters were also excluded on their identification by a
score of 211 on an eating habits questionnaire (16).

Written informed consent was obtained from all subjects. The
study protoco] was approved by the Human Subjects Review
Committee, Ethics Review Office, University of Toronto.

Study design and treatments

Two experiments with & randomized repested-measures de-
sign were conducted. Health young men were randomly assigned
1o receive 1 of 6 sugar solutions at weekly intervas. In experi-
ment 1, the 4 sugar solutions were HFCS (G45:F55, 753% con-
centrate; Cargill Sweeteners Company, Wayzata, MN), sucrose
{Radpath Sugar; Tate and Lyle North American Sugars, Toronto,
Canada), G20:F80, and G8(:F20. Two conirol solutions were
used. One was a sweet energy-free control that contained water
sweetened with sucralose (McNeil Specialty Products Company,
New Brunswick, NJ), and one was water alone {Crystal Springs,
Quebec City, Canada). Sweetness was equalized for all treat-
tents except the water control by the addition of 54, 52, 27, and
480 ¢ sucraloge to the F20:G80, sucrose, HFCS, and sweetened

“control salutions, respectively. Sucralose was chosen as a non-

caleric sweetener becanse it has no interaction with carbohydrate
metabolism, BG, blood fructose, or insulin secretion and has no
effect on the central nervous sysiem (17, 18). To reduce sweet-
ness and improve palatability, lemon juice (Equality; The Great
Atlantic and Pacific Company of Canada Ltd, Toronto, Canada)
was added. These test solutions were rated equally sweet and
equally palatable by a test panel of § subjects. In experiment 2,
subjects received solutions of G20:F80, G25:F65, G50:F50, su-
crose, and G8Q:F20 as {est treatments and water as a control.
Treatments were not equalized for sweetness and palatability
because no associations and interactions were found in experi-
ment 1 between the sweetness or palatability of treatments and
subjective appetite or FL

Twelve subjects were used in experiment i, which is consis-
tent with the sample size used in many previous studies in which
greater suppression of FI wag found after a 75-g prelead of
sucrose or ghacose (6, 10) or a preload of 50 g protein {19) than
with the energy-free control. Because the sample size may have
been too small to show differences among solutions in experi-
ment 1, we calculated that a sample size of 18 (werror = 0L.03; B
error = (0.20) was needed for identification of a 120-keal differ-
ence in response between the sugar (G20:F8C and GBO:F20)
soliions, Therefore, in experiment 2, 19 subjects completed the
smdy sessions.

Sugar solutions contained 300 keal in 360 mL. In both exper-
iments, treatment formulations used D-glucose monohydrate
(Grain Process Enterprises Ltd, Scarborough, Canada) and pure
fructose (Now Natural Foods, Bloomingdale, IL.). Fructose was
not added in proportions of >80% of the sngars in solutions
because, when fruciose is used slone, even small amounts {eg,
26 g} have resulted in symptoms of nausez and diarrhea in 50%
of the population (20, 21), In a pilot study in our laboratory, male
subjects reported gastrointestinal discomfort after they con-
sumed 75 g (300 mL) of a G10:F90 solution.

The prepared sclutions were stored in the refrigerator over-
night and served chilied. An additional 100 mL of waier was
served afier the solutions were consumed to reduce aftertaste.

Protocol

The protocol and procedures are similar to those reported in
previons studies (6, 10, 19). Subjects chose a time between 1100
and 1400 at which to participate in the sessions, and they were
asked to arrive at the same time and on the same day of the week
for all sessions. They were required to fast for 10-12 b and then
to consume & standard breakfast 4 h before arrival af the testing
facilities of the Department of Nutritional Sciences, University
of Teronto. The standard breakfast congsisted of 2 single serving
of a readv-to-cat cereal (Honey Nut Cheerios; General Mills,
Mississanga, Canada), a 250-mL box of 2%-fat milk (Sealtest
Skim Milk: Sealtest, Markham, Canada), 2 250-mL box of ar-
ange juice (Tropicana Products Inc, Bradenton, FL), and tea or
coffee without sugar or sweetener. The subjects were asked not
to eat or drink anything-between their breakfast and the study
session except water, which was allowed up 10 1 h before the
session. They were also instructed to refrain from alechol con-
sumption-and any unusual exercise and activity the night before
a study session.

On arrival, subjects completed questionnaires assessing their
sieep habits and stress factors and their compliance with {asting
and their pattern of activity on the preceding day. If they reported
significant deviations from their usual patterns, they were asked
to reschedule. Before subjects consumed the tesl solutions, they

completed viseal analogue scale (VAS) guestionmaires measur- .

ing motivation toeat (7, 22) and physical comfort {7}, and a blood
sample was obtained. If BG was >6 mmol/L, which supgested
that the subject had eaten recently or may be insulin resistant, he
orshe was rescheduled, Participants were moved to another room.
(feeding room) where they received one of the test solutions.
They were instructed to consume the treatrnent within 3 min and
to return fo the experiment room o complete gquestionnaires
assessing the sweelness and palatability of the treatments (6). At
15, 30, 45. 60, and 75 min after consumption of the drinks, the
VAS scales were completed and biood samples collected. Sub-
jects remained seated thronghout the experimentaf session and
were allowed to read or listen to music.

Pizza (McCain Foods Lid, Florenceville, NB) and water
(Crystal Springs) intakes were measured at an ad libitum Junch
80 min after the subjects consumed the preload solutions. In
addition, in experiment 2, to measure thirst before eating, sub-
Jectsreceived abotfle of water (500 mL.) al 75 min. The bottle was
removed and replaced by anotherbefore the subjects received the
pizza tray.

Three varieties of pizza (Deluxe, Pepperoni, and Three Cheese
Deep *N Delicious pizza; McCain Foods Lid) were purchased
from local retaifers. Al 3 varieties were similar in contents—
averaging 10.0 g protein, 7.6 g fat, 26.6 g carbohydrate, and 226
keal/100 g energy—and in size (5-in diameter), Because of the
lack of a thick outer crust, the pizzas have a uniform energy
conlent that eliminates the possibility that participants would eat
the energy-dense filling and leave the outside crust of the pizza.
Participants ranked the pizzas dccording to their preference at
screening, and their same choices were provided at each of the 6
sessions. Each pizza {cooked for 8 min at 430 °F and cut in 4
siices) was weighed before serving. Subjects were provided 3
varieties of pizzas to reduce the effect of sensory-specific satiety
on test meal intake. The pizzas were served 1o the subjects on
trays at 10-min intervals, in each case, the previcus tray was
removed and the remaining pizza weighed, until the subjects
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declined further trays, Bach tray contamed 2 pizzas of their first
choice and 1 pizza each of their second and third chotces. Sub-
jects were instructed to eat until they were comfortably full.

The energy intake from the pizza was calculated from the
weight consumed and the compositional information provided
by the manufaciurer. Water intake was measured by weight.
Cumulative energy intakes were calculated by adding the energy
consumed from the sugar solution {o the energy consumed at the
test meal. Caloric compensation at the test meal for that con-
sumed in the preloads was calculated by the formula [fkeal con-
sumed at the test meal after the water controf — keal consumed at
the test meal after the sugar solotion)/300 keal (in sugar solu-
tion)] X 100. A 100% caloric compensaiion indicates that, at
sessions when he was given the 300-keal treatment, a subject had
a lunch infake 300 keal lower than that at sessions when he was
given the controf preload. Caloric compensation of <<100% in-
dicated that the subject ad low compensation for the preload
energy at the test meal, whereas scores > 100% indicated over-
compensation for preload energy at the test meal.

Ineachexperiment, BG was measured in 12 subjects by finger-
prick with the use of a glucometer (Accu-Chek Compact; Roche
Diagnostics Canada, Laval, Canada). The same glucometer was
used for the same subject for ali 6 sessions. Subjects cleaned their
fingers before and after each finger-prick with an alcohol swab
(Ingram and Bell Medical, Don Mills, Canada). The first drop of
blood was wiped off, and the next drop was placed on glucometer
strip for measurement of the BG.

To obtain sufficient blood for the measurement of insulin,
ghrelin, and uric acid {UA} concentrations in experiment 2, an
indwelling intravenous catheter was inserted by a registered
nurse into the antecubital fossa vein in the arm of 7 different
subjects upon their arrival. The blood samples were drawn into
chilled heparinized tubes (Vacutainer; Becton Dickinson. Ruth-
erford, NI}. Two lavender-capped Vacutainer tubes, coated with
potassium oxalate—sodium fluoride anticoagulant (EDTA; at 1
mg/mL blood), were used at baseline and 15, 30, 45, 60, and 75
min. For analysis of BG, insulin, and UA, a blood sample was
eollected in 1 tube (5 ml). For analysis of ghrelin, a separate
sample was obtained in a 4-ml Vacutainer tube, and 400 ul
aprotinin was added to the tube immediately (<30 s) after blood
collection. The tubes were centrifuged at 4 °C for 1015 min at
2000 X g, and the plasma was stored at —80 °C for analysis.
Plasma glucose was measured by using a glucose analyzer (Co-
bas Integra 800; Roche Diagnostics GmbH, Mannheim, Ger-
many), insulin was measured by using an electrochemilumines-
cence mmunoassay (Roche Diagnostics GmbH), total ghrelin
was measured by using a radicimmunoassay (GHRT-89HE:
Linco Research Inc, St Charles, MO), and UA was measured by
using an enzymatic colorimetric test (11875426 216; Roche Au-
tomated Modular Sysiems, Basel, Switzerland).

Statistical analysis

Weused SAS software (version 8.2; SAS Institute Inc, Cary, NC)
to conduct the statistical analyses. To test for the effect of the treat-
menis on the ouicome variables, one-factor repeated-measures anal-
ysis of variance (ANOVA) using the general linear model (PROC
GLM procedure} was performed on data for food and water intakes
at 80 min, perceived sweetness, palatability of treatments and pizza,
physical comfort, and net areas under the curve (AUCS) for average
appetite (AA), BG, UA, insutin, and ghrelin. The net AUCs were

AKHAVAN AND ANDERSON

cajcniated by applying the trapezoid rale (23), and they included
areas over and under the baseline values.

In both experiments, 2-factor repeated-measures ANOVA
(GLM} was applied to test for the effects of reatment and time and
for treatment X time inferaction for AA scores, for the individuat
VAS used in calculating A A scores, and for BG. msulin, ghrelin, and
TJA concenirations over 75 min. When an interaction: was statisti-
cally significant, aone-factor ANOVA using a GLM procedare was
foliowed by Tukey's post hoc test to idendly mean differences
among treatmentis at each Ume of measurement.

In experiment 2, a 2-factor ANOVA (PROC GLM) was per-
formed fo determine the effect of the route of biood sampling
{finger-prick, k = 12; intravenous catheter, n = 7} and of treat-
ment on BG, AA, and FI. When venous blood was collected
through the indwelling catheter, subjects had significantly lower
BG AUC, AA AUC, and FI (P < 0.01 for #1]) than did subjects
from whom capillary blood was collected by finger-prick. How-
ever, because no significant interaction (P > 0.05) was found
between treatment and the method of blood sampling, the effect
of treatment was consistent across both sampling methods,
Therefore, the data for the dependent measures are reporied for
the pooled sample.

A composite score of the 4 motivation-to-cat VASs was cal-
culated, as described previcusly by us (6, 10) and others (22), to
obtain the AA score. The AA score was reflective of the indi-

vidual scores on the motivation-fo-eat gquestions and was used

here as a summary measure of subjective appetite for analyses.

Correlation analyses of dependent measures were made by
using Pearson’s correlation cocfficients. Significance was set at
P < 0.05. Data are presented as means = SEMs.

RESULTS

Subjects

In experiment 1 (n ='12) and experiment 2 (n = 19), subjects
had BMIs of 22,8 = (.52 and 24.0 £ 0.37, ages of 20.0 £ 1.33
and 23.6 & 1.05 y, and weights of 67.6 £ 2.5and 73.3 & 1.6 kg,
respectively.

Food intake .

In both experiments, treatrments affected FL In experiment [,
all sugar solutions except G20:F80 suppressed FI at the test meal
significantly (P = 0.0001) more than did the water control, but
only the GRO:F20 and sucrose solutions suppressed FI signifi-
cantly (P = (.0001) more than did the sweet confrol (Tabie 1),
There were no significant differences in FI among HFECS and the
other sugar solutions.

In experiment 2, all sugar solutions except the G20:F80 and
(335:F65 solutions suppressed Fl at the test meal significantly (P
= (.0001) more than did the water conirol (Table 2). Subjects
had significantly (P = 0.0001) lower Fls after consuming the
G80:F20 and sucrose solutions than after consuming the G20:
F&0 and G35:F63 solutions. However, there were no significant
differences in FI between the G50:F50 solution and sucrose or
between the G2Z0:F80 and (G35:F65 solutions.

Cumulative energy intake

In both experiments. treatments affected cumulative energy
intake. In experiment 1, G2(0:F80 led to the highest cumulative
energy intake, although it did not differ significantly from that

1002 ‘g 1eawsAoN uo 3sanb Ag Brouale mmm ol papeciumo(]




AmertearJoyrnal of Clinical Nutriltion

@ T

TABLE 1

GLUCOSE-TO-FRUCTOSE RATIOS IN SOLUTION AND FOOD INTAKE

Experiment 1: energy intake, cumulative energy intake, caloric compensation, and water intake after sugar solations’

1357

Fnergy intake at Curmuiative Calorie Water intake at

Solution test meal® energy intake® compensation® test meal
keal keal % g

G20:F50 12074 = 73.4%F 15074 £ 73.4¢ 445+ 17.2° 416.5 & 356
HPCS 11319 = 89.1% 1431.9 & 89.0%° 627 £ 13,75 434.3 £ 34.9°
Sucrose 10524 + 75.3° 1352.4 = 75.3F 8§92+ 117¢ 348.8 = 33,4
GRO:F26 1045.5 £ 83.1° 1345.4 * §3.18¢ 2.2 4+ 15.5% 336,77 = 27.6%°
“Sucralose 12260 % 73.3°P 12200 + 73.3° 2755 402"
Water 1320.1 + 83.2* 1320.1 £ 83.2 327.2 & 41.3%0
4 0.0001 0.0001 (.05 002

* All values are ¥ + SEM, » = 12. G, glucose: F, fructose: HRCS, high-fructose com syrup. Solution ratios are by percentage—eg, G20:F80 = 20%
glucose:80% fructose. Means in the same column with different superscript letters are significantly different. P < 0.05 {one-factor ANOVA (general linear

model) for treatment effect, Tukey's post hocl.
"2 Energy (keal) consumed in a test meal 80 min after treatments.
T Energy in solution (keal) + energy from test meal (keal).

“Calenlaied by using the formula [(keal consumed at the test meal after water control — keal consumed at the test meal after sugar solation 300 keal (in

sugar solution}j X 100,

with HFCS (Table 1), The HECS and sucrose solutions did not
differ significantly from each other or the water control, but they
resulted in significantly (P = 0.0001) higher curnulative energy
intakes than did the noncaloric sweet control {sucralose). Cumu-
lative intakes did not differ significantly after water or the G80:
F20, HFCS, and sucrose solutions,

In experiment 2, the G20:F80 and G35:F65 solutions resulted
in significantly (P = 0.0001) higher cumulative energy intakes
than did the sucrose and G80:F20 solutions, but the energy in-
takes did not differ significantly from those with the water con-
trot orthe G50:F30 solution {Table 2). No statistically significant
differences in cuinulative energy intakes were observed among
sucrose, G50:F30, and the water control.

Caloric compensation

Inexperiment I, caloric compensation of 92% and 89% for the
GB(O:IF20 and sucrose solutions, respectively, was significantly
(P << 0.05) greater than that of 45% for G20:F80. At 63%, HFCS
did not differ stgnificantly {rom the other sugar solutions (Table
1). In experiment 2, GBO:F20 resuited in a caloric compensation

{135%) that was significantly (P = (0.0001) greater than that of
46%, 41%, and 56% seen for G20:FR0, G33:F65 and, G30:F50,

respectively (Table 2). Sucrose at 118% did rot differ signifi-

cantly from the other segar sokutions,

Water intake

In experiment 1, subjects had the highest and lowest water
intakes’ at the test meal after HFCS and the sweet control
(sucralose), respectively (Table 1). Water intakes after all
other solutions were intermediate and not significantly dif-
ferent from either the HECS or sucralose sotution. In exper-
iment 2, neither curnulative water intakes nor water consumed
belore or within the test meal differed significantly among the
treatments (Table 2).

Average appetite score

All sugar solutions except G2(0:F80 and HFCS (experiment 1}
and G30:F30 (experiment 2} lowered subjective AA AUCs sig-
nificantly {(# <2 0.01) more than did the water control. However,

TABLE 2
Experiment 2: energy intake, comulative energy intake, caloric compensation, and water intake after sugar solutions’
Water intake
Energy intake at Cumulative Caloric

Sclution test meal® energy intake’ compensation? Before meal Within meal Total

) keal keal % z

G20n180 1466.8 = 80.3%" 1766.9 + 80.3% 457 & 22.0° 1385 & 426 3799 % 42,1 518.4 & 548
G35:F85 14142 + 8320 17142 * 85.2° 41.3 = 20.9¢ B4.7 4 272 337.2 £ 417 421.9 = 511
G30:F50 1375.1 = 85.9%¢ 1675.1 & 85.9%° 55.8 & 22.7% 102.4 + 384 37422418 4767 £ 525
Sucrose 1183.2 £ 60,944 1483.2 & 60.9°¢ 118.2 + 11.8%° 207 £ 13.6 3559 2504 376.6 i+ 49.4
GRG:F20 1140.3 £ 70.0° 1440.5 £ 70.0° 1545 £ 19.4° 67.1 £ 334 3532 446 4204 3 47.]
Water 16039 & 91.9° 1603.9 + 91,950 40,1 + 27.3 3379 4 36.2 3080 345
P 0.5001 0.0001 0000t 0.12 0.97 0.15

7 All vatues are ¥ + SEM: 2 = 19. G, glucose; F, fructose. Solation ratios are by percentage-—eg, G20:F80 = 20% glucose:80% fructose. Means in the same
coitsmn with different superscript letters ave significantly different, P < 0.05 [one-factor ANOVA (general inear moded} for treatment effect, Fukey's post hoc].

* Energy consumed in a test mea! 80 min after reatments.

* Energy in solution + energy from test meal.

# Caleulated by using the formula [{keal consumed at the test meal affer water control — keal consumed at the test meat after sugar selution)/300 keal (in sugar

solution)] X 100,
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TABLE 3

Experiments | and 2: average appetite area under the curve (AUC) and
blood glucose AUCY

Solugion Average appetite AUC? Blood glucose AUC?

mm. min mmol + min/L

Experiment |

G2:F80 - ~319.5 & 322.4%0 109.1 & 8.6°
HFCS —96.7 & 319420 1544 £ 13.0°
Sucrose —397.3 & 230,3" 1566 = 12.5%
G80:F20 —421.3 + 25467 2188 £ 19.9°
Sucralose 3327 + 259380 4.8 =604
Water 463.4 = 301 4° 7.4 % 4.3¢
P 0.005 0.0001
Bxperiment 2
G20:F30 —521.2 & 331.2° 0.0 & 10,5
G35:F65 —526.8 = 303.8° 106.8 + 1447
G30:F50 —~112.6 3 292 4=& 137.1 £ 13.9%
Sucrose —661.3 & 247.7° 1422 & 15.5°
GRO:F20 —802.5 = 207.5° 189,7 £ 17.5
Water 4270 = 197.0° 2.1+ 6,99
P 0.6004 0.0001

LAl valnes are ¥ = SEM. G, glucose; ¥, fructose; HFCS, high-
iructose corn syrep. Solution ratios are by percentage——cg, G20:F80 =
20% glucose:80% fructose. Means in the same column with different
superscript letters are sigonificantly different, P < (.05 [one-facior
ANOV A (general linear model) for treatment effect, Tukey’s post Kocl.

? Average appetite net AUC to 75 min after solution consumption
{experiment 1, n = 12; experiment 2, n = 19).

* Blood glucose net AUC to 75 min after solution consumption
(expetiment 1, m = 12: experiment 2, n = 19},

AA AUCs did not differ significantly among the sngar solutions
in either experiment {Table 3).

The AA scors was significantly (P < 0.03) affected by treat-
ment, time, and treatment X time interaction (Table 4). The

TABLE 4

AKHAVAN AND ANDERSON

interaction is explained by the significantly (P < 0.05) greater
and earlier increase in AA score with time after the condrols than
after the sugar solutions. The decrease from baseline in A4 score
after the sugar solutions was the greatest at 15 and 30 min; the AA
score then returned {o baseline or rose above it at 75 min. In both
experiments, AA scores at each time did not differ significantly
among the sugar solutions over the 75-min span.

Of the individual VASsused incaleulating AA scores, onlythe
fullness scale showed a treatment effect in experiment 1, and this
was at 75 min {(data not shown). The fullness score was signifi-
cantly (P < 0.05} higher after the G20:F80 and sucrose solutions
than after the water conirol, which is consistent with the overall
lower AA score (at 75 min} and FI {at 80 min). In experiment 2,
fullness, desire to eat, and hunger all showed a significant (P <
0.03) effect of (reatment. Sucrose, G80:F20, and G35:F65 ledto
significantly (P < (1.05) lower hunger and higher fuliness scores
than those seen with the water control. Subjects had less desire (o
eat after sucrose than after water at 75 min (data not shown).

Blood giucose

In both experiments, afl sugar solutions resulted in signifi-
cantly (P << (0.0001) higher BG AUC than did the controls (Table
3} Inexperiment [, of the sugar sobutions, G&(:F20 and G20:F80
resulted in the highest and Jowest BG AUCs, respeciively: su-
crose and HFCS were intermediate and did not differ signifi-
cantly from each other (Table 3). In experiment 2, the highest and
iowest BG AUCs were seen after the G80:F20 and G20:F80
solutions, respectively. The BG AUCs for sucrose, G30:F50, and
G35:F65 solutions did not differ significantly (Table 3).

In both experiments, BG was significantly (P < 0.6001) af-
fected by treatment, time, and freatment X time interaction. In
experiment 1, the increase in BG was significantly (P <2 0.0001)
higher after all sugar solutions than after the water and sucralose
controls at 15, 30, and 45 min; GROF20 and G20:F80 resulted ins the

Experiments 1 and 2: baseline and change from baseline average appelite scores after treatments”

Change from baseline

Solution Baseline 15 min 30 min 45 min 60 min 75 min
nm

Experiment 1
G20:F50 64.5 = 3.8 -10.9% 48 -01 £ 50" —-3.4 & 5,00 —0.8 £ 53° 435+ 58
HFCS 573467 ~8.1 % 4.6 —6.% = 5.2% —37 % 548 53+ 56° 100262
Sucrose 66.1 + 4.6 ~107 + 3.5 —9.0 £ 3.3" —6.3 % 347 ~1.9 £ 42" 22%45
GBO:F20 620+45 1L+ 35 ~0.% £ 4,00 70+ 44" —2.7 + 43" 49 =54
Sucralose 591 + 6.8 ~34+ 48 2.8 & 3.8°% 5.6 £ 4200 0] E 400 132+ 4.4
Water 662 + 4.5 ~02:+28 48 & 400 104 + 5.3 8.8 = 5.9 136 # 6.1
P 0.38 0.14 <001 <00} <0.02 047

Experiment 2
GHERS0 689 + 4.4 ~162 + 51° —12.9 £ 54" —5.9 & 5.5 —1.4 % 5,17 243520
G35:F65 T3 +30 —1L1 48" ~9.9 & 4.4% —8.9 + 40" —5.9 £ 48" 0.8 = 44°
G50:F50 62.5 + 4.4 10,5 & 4,250 —84 + 4,00 —3.9 & 4.6%° —0.} & 4.8%" 37 L4000
Sucrose 69.6 + 3.3 —123+32" ~12.0 % 3.8° —11.6 & 42" —8.0 £ 46" —1.6 = 4.2°
GBOF20 655+ 3.9 —16.1 = 45" —17.3 £ 4.5° —13.1% 48" —6.9 +5.0° w11 4,2
Water 65.8 =40 0.1 %22 1.8+ 2.8 6.6 % 3.3 12.3 + 3.8 15337
P 034 <6001 <0.00% <(.003 <0.001 <0.001

7 Al values are ¥ + SEM. Experiment 1. n = 12; experiment 2, n = 19. G, giwcose; F, fructose; HRCS, high-fructose com synap. Sokation ratios are by
percentage-—eg, G20:F80 = 20% glucose:80% fructose. Treatment, time, dnd treatment X time interaction were significans, P < 0.03 for all [2-factor ANOVA
{general inear model)]. Means within a column with different saperseript etters are significantly different, P < 0.05 [one-way ANOVA {generallinear model),

Tukey’s post hac].
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TABLE 3
Experiments 1 and 2: baseline and change from baseline blood gincose concentration’
Change from bascline
Solution Baseline 15 min 30 min 45 min 60 min 73 min
wnolfl,

Experiment 1
G2 P80 5.1 200 28 & 0.2° 28 £ 038 14 £ 030 0.2 4 0,15 012010
HECS 50032 1.6 £ 030 3803 23 03" 0.6 + 0.3 ~{.2 + 03"
Sucrose 52401 32 02°° 37E03 2.4 + {420 1.2 & 0.4 0.2+ 0.3°
GRO:F20 312901 37 £ 6.3 4.4 + (.3" 33 £05° 25+ 0.5° 14+ 04"
Sucralose 514061 02 £0.1° RS 6.l =03° 0.1 £01° 0.0+ 01°
Water 30+01 0.2 =01 0.1 £0.1° Gl 0.1 0.1 % 0.17¢ 0.0 + 0.1°
P 0.7 <(.0001 <001 <(.0061 <£.0001 <0001

Experiment 2
G20:FR0 48 02 16202° 17 4+0.3° 1.0 %025 04+ 0.2 0.0+ 0.2°
G35:F65 48 £0.2 2.3 4 .30 2.7 £03% 16k 0.4he 0.5 £ 0354 0.1 £ 0.1°
GA(F30 4.7 & 9.2 2.5 £ 0.3 3.5 & (3% 22030 09 =02 G020
Sucrose 49+ 0.1 25 #03% 31+ 040 2.2 4 0.4° 14+ 03 0.7 = 0.2
GRF20 4.8+02 2.6+ 0.4° 36 £ 03 34 £04* 2.1 43 1.3 4 0.3%
Waier 4.8 £02 0.0 £ 0.1° 0.0 & 03¢ 0.1 =01 00 £ 0.1¢ 01+ 01"
F 0.6 < (L0901 <{,0001 <(.0001 <0,0001 <(.0001

! Al values are ¥ = SEM. Experiment 1, = 12; experiment 2, n = 19. G, glucose; F, fructose. Solution ratios are given by percentage—ep, G20:F&0
= 20% ghucose:80% frictose, Treatment, time, and treatment X (me interaction wese significant, P < 6.0001 for all [2-factor ANOV A {(general finear modelj].
Means within 2 column with different superscript letters are significantly different, P < 6.03 (fone-factor ANOVA (general linear model), Takey’s post hocl.

highest and lowest BG responses, respectively (Table 5). At 60 and
75 min, BG remained significantly (P < 0.0001) higher than the
water control only after the GBU:F20 solution. Sucrose and HFCS
resulied in an intermediate and identical significant (F << 6.0001)
increase in BG. In experiment 2, BG was significantty (P < 0.0001)
higher afier all of the sugar solutions—except the G20:F80 (at 45
2nd 60 min) and G35:F63 (60 min) solutions—than after the water
control at 60 min (Table 5). However, at 75 min, BG was signifi-
cantly (P < 0.0001) higher than the water control only afler the
(380:F20 solution. There was no significant difference between
G30:F50 or sucrose at any time.

Uric acid

Except for the GEO:F20 solwion, all sugar solutions increased
the UA AUC significantly (P < 0.0001) more than did the water
control (Table 6). Of the sugar solutions, G&O:F20 and G2(0:F80
had the lowest and highest UA AUCs, respectively, UA AUCs

did not differ significantly after the G35:F65, G50:G50, and
sucrose solutions,

UA concentrations were significantly (P < 0.05) affected by
treatment, time, and freatment X time inferaction. The solutions
containing G20:F80 (at all itmes) and G35:F65 (at 30, 45, and 75
rin) resutted in significantly (P <C 0.05) greater increases in UA,
concentrations than did the solutions containing G8(:F20 (Figure
1. At 75 min, UA concentrations were highest after G20:F80. The
sucrose and F50:G50 solutions each resulted in.significantly (P <
0.03) lower UA concentrations than did the G20:F80 solution, but
they did not differ significantly from any other solutions.

Imsulin

Of the sugar solutions, G80:F20 solution had the highest
and G20:F80 and G35:F63 solutions had the lowest insulin
AUCs (Table 6}. The G50:F350 and sucrose solutions did not
differ significantly from each other or from any other sugar
solution.

Insulin concentrations were significantly (P < 0.03) affected
by treatment, titne, and treatment X time interaction. All sugar

TABLE 6 .
Bxperiment 2: effect of sugar sefutions on the area under the curve (ALC) for uric aeid, insudin. and ghreiin’
Soiution Uric acid AUC Insulin AUC Ghrelin AUC
wmaol » mindl pmaol - min/L pg  min/m/L
G20:F80 3350 + 389+2 10460 = 1250° - —11383 & 34570
G35:F65 2354 & 5810 12638 = 228" 12063 £ 2605°
G50:F30 1550 + 525 15208 + 2494%% —14808 =+ 3727"
Sucrose 1668 % 300%™ 16593 + 1796™° —~10003 + 2828°
G8:F24 334 4 186 20583 * 3093° —8753 & 2034"
Water ~474 + 3529 —218 £ 369° 1848 & 1199°
P 0.00691 0.0001 <{.001

7 Bxperiment 2, n = 7. G, glucose: F, fractose, Sohition ratios are given by percenlage-—eg, G20:F80 == 20% glucose:80% fructose, Means in the same
colurnn with different superscript letters are significantly different. P < 0.05 {one-factor ANGVY A (general linear model), Tukey’s post hosl

2% 4 SEM {all such values).
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FIGURE 1. Effect of sugar solutions on plasma uric acid, insulin, and
ghrelin in experiment 2. Solutions were glucose (G) and fructose {F}at ratios
of G2:FR0 (#), G35:F5 (), G5CF50 (&), sncrose (*), GROF20 (0). und
water { &), A, change. Mean plasma uric &cid, insulin, and total ghrelin at
baseline were 2959 £ 8.5 umol/L, 45.3 + 3.8 pmol/L, and 733.4 & 40.7

o/mL, respectively. Significant treatment, Gme, and treatment X time in-
teraction effects (P << (.05 for all) were found by 2-factor ANOV A (general
linear model, GLM). One-factor ANOVA {GLM) foliowed by Tukey’s post
hoo was used to differentiate the effect of reatment at each measured time.
Means af the same time with differeni superscript letters were significantly
differeni, P < 0.05 (n = 7).

solutions increased insulin concentrations atl 15, 30, and 45 min
significantly (P < 0.05) more than did the water control, The
G20:F80 solution resulted in significantly {(P < 0.05) lower in-
sulin concentrations than did the sacrose and G8(:F20 solutions
at 45 min (Figure 1), At 60 min, insulin concentrations after the
20:F80 solution did not different from those after the control.
At 75 min, insulin concenirations remained significantly (P <
0.05) higher than those after the control only after the G80:F20
and sucrose solutions, but there were no significant differences
among G20:F80, G35:F65, sucrose, and G30:F30.

Ghrelin

All sugar solutions resulted in significantly (P < 0.05) lower
ghrelin concentrations than did the water contrel, Thus, the
ghrelin AUC was negaiive and significantly (F < (.05) larger
after all sugar solutions than after the water contyol (Table 6).

Ghrelin concentrations were significantly (£ < 0.05) affected
by treatment, time, and (reatment X {ime interaction (Figure I},

AKHAVAN AND ANDERSON

The interaction appears o be explained by a significantly (P <
0.05) greater and earlier suppression in ghrelin by sucrese and
GS50:F50 than by G80:F20 and G20:F80, but no sugar solutions
resulted in a significant difference in ghrelin concentrations at 30
min. All segar solutions except G80:F20 (at 15 and 45 min) and

~ G20:F80 (at 15 min) resulied in significantly (P << 0.05) lower

ghrelin concentrations than did the water control.

Relations among dependent measures

Fis were positively correfated with AA score at 75 min (ex-
periment t: r = 0.42, P < 0.001; experiment 2: r = 027, F <
0.003), and inversely correlated with BG (experiment 2: r =
—0.41, P < 0.01) and insulin {(experiment 2: r = —0.39, P <
0.05) concentrations at 45 min, Fls were inversely correlated
with BG AUC (experiment 1: r = —0.30, P < 0.01; experiment
2:p= —0.38, P <2 0.0001) (Figure 2). The lower AA as reported

by AUC was correlated with Jower Fls (experiment 1: r = 0.41,-

P < 0.001; experiment 2: r = 0.18, P = 0.06) and higher BG
AUCs (experiment 1: r = —0.29, P < 0.05; experiment 2: r =
—0.31, P < (0.001) (Figure 2).

In the subsample (n = 7) in experiment 2, insulin AUC was
positively comrelated with BG AUGC (r = ¢.51, P << 0.001). AL 15
min, insulin concentrations were corretated with BG (r = 0.60,
P < 0.001) and UA {r = 0.32, P < 0.05) concentrations. At 43
min, insalin concentrations were positively correlated with BG
concentrations (r == 0.48, P < 0.01) and inversely correlated with
Fls at the test meal (& = —0.39, F < (.05}, Al 75 min, insulin
concentrations were significantly comrelated with BG (r = 0.73,
P < 0.0001). The magnitude of the decrease in ghrefin as mea-
sured by AUC was positively correlated with the reductions in
AA AUCs (r=0.60, P = 0.0001) and ¥ls (r = 0.40, P << 0.01).
At 45 min, plasma ghrelin concentrations were inversely corre-
[ated with BG concentrations (r = —0.30, P = (1.05) and posi-
tively correlated with Fls at the test meai (r = 0.42, P < 0.01).

DISCUSSION

These studies do not support the hypothesis that the replace-
ment of sucrose with HFCS as a caloric sweetener has conirib-
uted to overeating and obesity because of differences in their
shori-term physiologic affects (2). The eguicaloric solutions of
HECS, F50:G50, and sucrose were similar in their effects on
subjective measures of satiety, blood concentrations of physio-
logic signals of satiety and of UA, and shor-term Fls. However,
high GF in isocaloric sugar solutions resulted in higher BG and
insulin concentrations and lower UA concentrations and Fls than
did low G:F.

Sucrose, HFCS, and G3(:F50 solutions induced siznitar BG
and hormonal responses and decreases in subjective satiety und
Flg at the test meal. Sucrose and HFCS were similar to each other
in their effects on BG in experiment 1. and it would be expected
that the insulin responses were similar because it was previously
shown that sucrose and HFCS have similar effects on posipran-
dial BG and insulin concentrations (24). Furthermore, when su-
crose or HFCS beverages were served stmeals tomake up = 17%
of the energy, no differences were found in BG, insulin, leptin,
and ghrelin concentrations measured at frequent intervals over
24 1 {25). In experiment 2, a solution of G50:F50 was compared
with sucrose because, when sucrose is added to acidic solutions,
as in soft drinks or fruit-flavered drinks, that sucroseis primarily
vdrolyzed before consumption (26). Again, the disaccharide
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and the monosaccharide mixtures led to the same results in all
dependent measures.

Both experiments showed greater suppression of FI and in-
creased caloric compensation associated with higher GiF ratios
in solutions. All sugar solutions except the low-glucose-
containing sugar selutions (G20:F80 and G35:F63) led to lower
Fls at 80 min than did the water control. These results are con-
sistent with previons reports.that 75-g sucrose and glucose solu-
tions, but not a G20:F80 solution, suppressed Fls 60 min later (6,
10) and that FI shortly after the consumption of sugar solutions
is inversely related to the effect of sugar solutions on BG (11).
The results contrast with reports that solutions containing frue-
tose alone suppress FI at a later meal more than do glucose
solutions (12). However, in these comparisens, this effect of
fructose was due to its slow absorption when consumed in the
absence of glucose, which resulted in gastrointestinal distress
{19). For this reason, a soiution of fructose alone wasnot included
in the present studies

Al sugar solutions increased BG and mmsufin and reduced
ghrelin more than did the control. Although BG may contribute
directly to satiety (7, 8), it is clearly not the only reason for the
more favorable effects of the high-glucose solutions than of the
high-fructose sclutions on FIL High-glucose treatments and the
higher BG responses derived from them also were associated
with greater responses in the satiety hormone insulin and a de-
crease in the orexigenic hormone ghrelin. However, the role of
BG and insulin in the suppression of ghrelin remains uncertain
for several reasons. Although a previous study reports that glu-
cose at 15% of the energy in meals (27) leads to lower postpran-
dial ghrelin than does fructose at 15% of the energy in meals, this
association does not define the mechanism controlling the sup-
pression of ghrelin secretion. In the present study, insulin and
ghrelin responses were not found to be inversely related, and this
observation is consistent with more recent data showing that,
whereas the presence of insulin is required, a posiprandialinsulin
response is not required, and nutrient sensing by ghrelin-
preducing cells is an important regulator of ghrelin secretion
(28). For example, fat ingestion leads {o ghrelin suppression but

does not increase postprandial insulin (29). Our data support the
proposed role of ghrelin-producing cells in nuirient sensing, be-
canse all sugar solutions suppressed ghrelin similarly, even
though BG and insulin were higherin the high-ghucose than in the
low-glucose solutions. '

Plasma UA was measured because replacement of sucrose
with HFCS has been suggested to play a causal role in the met-
abolic syndrome (30). Fructose consumption increases plasma
UA by increasing purine biosynthesis and decreases renal clear-
ance of UA by increasing plasma lactate concentrations (31 In
the present study, all sugar solutions except the G80:F20 solution
significantly increased UA above control values and the fruciose
content of the solutions associated positively with UA AUC (r =
0.69, P < £.0001) and inversely with insulin AUC (r = —0.54,
P < 0,001). However, the G30:F50 and sucrose solutions in-
creased UA AUC equally, which suggests that 2 significant dif-
ference between HFCS and sucrose is unlikely. Therefore,
whereas greater intakes of fructose may elevate plasma UA, ag
reported previousty (313, the substitution of HECS for sticrose is
an unlikely contributor to the metabolic syndrome by this mech-
anism.

The differing G:F in solutions did not affect water consump-
tien. The observation that subjects in experiment 1 drank more
water at their mes) after the HFCS than after the sweet control
was pursued in experiment 2 because it was possible that fruc-
tose, because of is slower absorption compared with that of
ghncose (32), created a hyperosmolar environmernt in the small
intestine and thus caused the retention of fluid, feelings of thirst,
and gastrointestinal discomfort (19). Because all sugar solutions
resulted in similar water intake before and during the test meat in
experiment 2, the differences found between HFCS and the su-
cralose solotion in experiment 1 were attributed to reduced thirst
after the sucralose solution and not to increased thirst due fo
fructose in the sugar soiutions. Although there is no mechanism
te account for this effect of sucralose, it does not appear to be
unigue because, when consumed during a meal, aspartame-
sweeiened drinks reduced thirst more than did sucrose-
sweetened drinks (33).
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Sweetness was not equalized among solutions in experiment 2
because it was proposed that the greater sweetness of fructose
would also be an independent factor affecting FI (2). However,

no significant relation was found between the sweetness (r =

—0.06} and palatability (r = 0.13) of treatments and FI at the test
meal, as expected if the time interval between treatment and F1 is
>1h{34) Inexperiment I, whereas the sweeiness of all solutions
except the waler control was equalized with the sweetest solution
(G20:F80), sweetness was reduced by adding lemon juice. The
subjects judged the palatability of the test solutions to be sgual to
the wager controf.

High Fls by young men given test meals after an overnight fast
and a light breakfast have been reported in many studies, but this
has not been found to compromise treatment effects (6-8, 10—
11). The higher Fls in experiment 1 than in experiment 2 may be
due to several reasons. First, experiment 1 'was conducted in the
summier, and experiment 2 was conducted in the winter, Higher
ambient temperatures are associated with lower Fls than are low
ambient temperatures (35). Second, on average, subjects came in

2 hlater in experiment 2. Therefore, the fest meal fater in the day -

would also contribute to greater hunger and F1, Third, subjects in
experiment 2 were on average 5.4 y younger (P << 0.004) and 5.7
kg heavier (£ < (.06) and had 2« BMI 1.2 greater (P < (1.06) than
did subjects in experiment 1. Appetite and F are reduced by age
(36) and are increased in association with body weight and the
duration of fasting (37). The overall treatment effects in the 2
experiments were similar, however, which suggests that these
differences in characteristics and Fls between the 2 sampiles did
not affect the outcomes.

In conclusion, solutions of KFCS, F30:G50, and sucrose were
similar in their effects on subjective measures and physiologic
signals of satiety, plasima UA concentrations, and Fls in young
men. However high G:F in isocaloric sugar solutions result in
higher BG and insulin concentrations and lower UA concentra-
tions and Fls than did iow G:F.
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Ahbstract

Whereas soft drinks are described as primarily thirst-quenching licuids, juices and milk are said to be liquid foods, with a greater satiating
power. This study was conducted to compare the effects of orange juice, low-fat milk (1%6), regular cola, and sparkling water on hunger,
thirst, satiety, and energy intakes at the next meal. Thirty-two volunteers (14 men and 18 women), ages 1835 years, consumed 2 breakfast
preioad composed of 590 ml (20 oz) of an energy-containing beverage (1036 kJ) or water (0 kI and a slice of toast (418 kJ) on four different
occasions. Participants rated himger, thirst, fullness, and desire to eat at baseline and at 20-min intervals for 2 k following preload ingeston.
A tray lunch was presented at 2 b, 15 min and food consumption was measured. Compared to sparkling water, the three energy-containing
beverages were associated with higher fullness and reduced hunger rating and desire to eat. However, energy intakes at Innch (4513 £ 151 kJ
for men and 3183 £ 203 kJ for women) were the same across all four beverage conditions and no compensation for breakfast energy was
observed. The three beverages of equal energy value were significantly different from sparkling water, but not from cach other, in their effects
on hunger and satiety ratngs. All four beverages satisfied thirst equally well. Whether energy-containing cola, juice, and low-fat mitk
facilitate a positive energy balance remains a topic for further study.

© 2003 Elsevier Inc. All rights reserved.

Keywords: Energy-containing beverages; Soft drinks; Energy compensation; Hunger; Thirst; Satiety

1. Intreduction

Energy density of foods, measured in terms of kilojoules
per unit weight, is said to infleence daily energy intakes more
than any other factor [1-4]. Energy density depends almost
entirely on the foods’ water content [3], Lower energy-
density foods are said to have greater satiating power so that
participants are able to “feel full on fewer calories™ [1].

Foods with a high water content have an impact on both
satiation and satiety [1]. Reducing energy density of an
entrée through addition of vegetables to a pasta salad led to
increased satiation, as measured by lower energy intakes
during that meal [2-4]. Reducing energy density of a
preload, such as a milk beverage, led to increased satiety,
defined as lower food consumption at the next eating
occasion [6]. Rolls and Barnett [1] found that soups, mikk-

* Corcesponding  author, Tel: +1-206-343-801¢; fux: +1.206-085-
1696,
E-mail address: adamdrew(@u washington.edu (A. Drewnowski).

G031-9384/% — see front matter © 2003 Elsevier Inc. Al rights reserved.
doi:10.1016/3003 1 -93B4(G3300212-9

based drinks, and vegetable and fruit juices helped people
feel full and eat less at the next meal. Lowering energy
density of the diet may be a promising strategy for weight
control [1,5].

Energy-containing beverages, juices, and millkk are mostly
water and deliver relatively little dietary energy per gram
[5]. One might expect beverages to be useful in lowering
energy density of the total diet [5]. However, there is no
agreement as to the impact of liguid calories on satiety [7-
9]. Whereas -some resecarchers believe that Higuid foods are
good choices for promoting satiety [10,11], others believe
that physiological compensation: for liquid energy is impre-
cise and incomplete [9,12,13]. The latter view holds that
low energy-density beverages have less impact on satiety
than do encrgy-dense solid foods.

To deal with this seeming paradox, researchers have
praposed that some beverages had a lesser impact on safiety
than others. Soft drinks were described as primarily thirst-
quenching liguids [1] that failed fo trigger satiety mecha-
nisms regulating food conswmption. Rising rates of child-
hood and adolescent obesity were blamed on the failure of
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physiological satiety and the lack of accurate compensation
for sugar energy consumed in the form of caloric soft drinks
[14]. In contrast, sugar energy consumed in the form of fruit
and vegetable juices was said to satisfy hunger [1,11]. Rolis
et al. [1,10,11,15] noted that soup and vegetable juices
effectively suppressed food consumpiion at hunch and that
milk-based beverages also tended to be satiating. Milk and
juices were characterized as “foods that you drink™ [1].

There are no published datz to support, or disprove, this
point of view. Energy densities of low-fat (1%) milk (1.8 kl/
g}, orange juice (1.8 k¥/g), and regular cola (1.8 kl/g) are
almost exactly the same [1,5]. If milk, fruit juice, and soft
drinks have a differential impact on unger and satiety, then,
factors other than energy density must be involved.

Most studies on the short-term regulation of food intake
made use of the preload paradigm [16—18). Energy density
was manipulated by varying preload volime at constant
energy or varying preload energy at constant volume [3,19 -
21). Preload energy was often manipulated using sugar or
fat replacements [20-22], whereas preload volume was
increased by the addition of water [6]. In this study, preload
energy and preload volume were both held constant. In-
stead, beverage tvpe changed across conditions. This was
the first study to directly compare the impact of milk (1%
fat), orange juice, and regular cola on hunger, thirst, and
satiety, and on energy intakes during a subsequent meal. A
carbonated water preload served as a no-energy comtrol
condition. The question was whether the three energy-
containing beverages would have differential effects on
hunger and thirst and on subsequent food consumption or
would their effects be substantiaily the same.

2. Materials and methods
2.1, Participants

Thirty-two participants (14 men and 18 women), ages
1833 years, were recruited at the University of Washing-
ton by means of advertisements and flvers. Enrolied were
normal-weight (BMI=20-27) adults who identified them-
selves as nondieters, nonsmelkers, and regular consumers of
breakfast. Potential participants with food allergies or food
resteictions, those who disliked two or more foods or
beverages in the study; those on prescription medications
likely to affect taste, smell, or appetite; athletes in training;
and persons reporiing recent weight loss or weight cycling
were excluded. After a telephone-administered screen to
verify eligibility, potential participants reported to the lab for
a brief session, during which, their weight and beight were
measured and recorded. A card stating the dates and times
for the study sessions was provided as a reminder. The
participants selected for the study attended four sessions,
once a week from 9:30 ax. to 1:00 pm To minimize
variability within subjects, all participants were asked to
report to the lab on the same day of the week if possible, to

keep evening meals and activity levels on the day before the
test as similar as possible; to refrain from drinking alcohol
the day before the test; and to refrain from eating afier
midnight the day before the test. The study protocol was
approved by the Institutional Review Board (IRB) of the
University of Washington and all participants provided
informed consent. Alf 32 participants completed the study
and were compensated for their time.

2.2, Study design

A within-subjects design was used with each participant
returning for four separate test sessions, generally spaced a
week apart. The order of presentation of the four beverages
was counterbalanced across sessions. The sarme unch foods
were offered on all four testing occasions. A time intervai of
2 h and 15 min between preload and lunch was selected,
based on studies showing that a significant change in-
motivational ratings following a 15001600 kJ (375-400
keal} preload was observed within that time window
[17.22]. Power analysis indicated that a sample of 12
subjects, was sufficient to detect 2 minimum difference of
250 keal in compensation, with a power of 80% and alpha
035 231

2.3, Preload stimuli

The four beverages were orange juice {Minute Maid
Original; Coca-Cola, GA); 1% milk (Lucerne; Safeway,
CAY; cola beverage (Coca-Cola, GA); and carbonated water
(Safeway Select Club, Safeway, CA). The beverages were
presented chilled bt without ice in 591-ml (20-07} portions
in opague plastic containers with a Iid and a straw. Orange
juice was prepared by thawing the contents of a can and
diluting it with tap water to 1.76 kJ/g (0.42 keal/g). Energy
and nutrient composition of each preload beverage are
shown in Table 1. The caloric beverages had the same
energy density (1.76 ki/g or 0.42 kcal/g} and supplied 1036
kT (248 kcal) each. Participants liked orange juice, cola, and

Table 1
Fnergy and macronuient composition of the four beverages

Orange juice 1% milk  Cola Carbonated
(frozen canned) ) water
Volume (0z) 20 20 26 20
Brergy {k}) 1036 1036 1036 o
Carbohydrate (g) 61.8 29.1 67.6 0
Total sugars (&) 55.0 2840 67.6 0
Glucose (g) 27.4 0 25.6 0
Fructose (g) 24.0 0 28.2 4]
Laciose {g) 0 28.0 4 G
Fiber (g) 0 0 0 0
Protein {g) a 20 4] 0
Fat (g} o 6.5 i 0
Energy density 176 1.76 1.76 0
(ki)

Data from the food label, manufacturer’s specifications and from Food
Processor software {ESHA, Salem. OR).
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1% milk more than sparkling water, as measured by nine-
point category scales (described under Motivational ratings
section}. Preference for orange juice (7.3 £0.2), cola
(6.4 +6.3), and 1% milk (6.2 £ 0.3) were higher than for
water (3.9.% 0.4) [ F(3,28)=25.26, P < 001]. There were no
differences in preference ratings by gender. Participants also
consumed a standard slice {43 g) of toasted bread (North-
west Bight Grain; Northwest bakeries, WA) for a total of
418 kT (100 kcal). The bread provided 20 g of carbohydrate,
3 g of protein, and <1 g of fat.

2.4. Motivational ratings

Participants rated their hunger, thirst, nausea, fullness,
and desire to cat, using nine-point category scales. These
motivational scales were provided in the form of a booklet,
one scale per page. The unipolar adjective -scales were
anchored at each end with labels “iI=nor ar all” and
“O=gxtremely” [24], Participants rated each beverage on
a rumber of sensory attributes, using nine-point category
scales. They also rated their liking for cach beverage along
nine-point hedonic preference scales, where “1=dislike
extremely” and “9 = like extremely.”

2.5, Test meal

A hinch meal was provided at noon. The meal, presented
on a tray, included & variety of foods, both savory and sweet,
Energy content was 7248 kJ (1734 kcal). Food energy and
miftrient vahies were caleulated with the Food Processor
software 6.11 (ESHA Research, Salem, OR) and from the
manufacturer’s food label, Nutrient composition of the
bread roll was calculated from the recipe provided by the
manufacturer. Nutrient composition of the test meal is
shown in Table 2. '

[dentical meals were provided on each testing occasion.
Additional preweighed food portions were available from a
selfiservice buffet and participants were told that they could
have as much or as little of any food as they wished. They
were asked ‘0 record any foods consumed from the side
buffet. No caloric beverages were provided as part of the
test meai, only still water. All foods were preweighed at the
time of serving and plate waste was collected and weighed
by the experimenters.

2.6. Procedures

On amrival (9:30 a.m.), participants were seated in sepa-
raic cubicies in the sensory-evaluation laboratory. They
remained there for the duration of the session and were
aliowed to read, listen to music with earphones, stretch, and
use the bathroom. The first set of motivational ratings was
obtained on arrival {Time 0). The breakfast preload was
served at 9:35 a.m. Participants were asked to consume the
breakfast within 25 min and rate the sensory attributes of
each beverage. Foliowing ingestion, participants rated the

Tabie 2

Energy and nutient composition of foods provided at lunch

Food CHO Protein Fat  Sugar Fiber Porton  kl

@ ® @ ¢ &

White-{our rell 48 6.7 0.7 1 1.8 1 roll 957

French mustard 0 0 0 0 ¢ 1 pack 21

Reduced fat 2 18 10 0 4 2 shices 585
provolong
cheese

Oven-roasted 12 68 64 08 0 4 slices 167
turkey (shiced)

Honey ham 1.2 6.8 1.2 12 0 4slices 167
(sliced)

Salad 28 2 0.8 ¢ 1.9 I3cups 377

{spinach jeaves
with sunflower
seeds)
Fresh large tomato 23 17 67 58 24 1 piece 176

Fresh fruit (banana, 30.2 0.9 67 2% 1 piece 484
apple or pear)

Plain-potato chips 32 4 16 0 2 26chips 1170

Balsamic vinaigrette 4 ] 6 3 ¢ 2 thsn. 293

Light-ranch salad 3 1 7 i 0 2 thsp. 334
dressing

Chocolate-chip 31 z9 12 148 0 4 cookies 1006
cookies

lee cream-sundwich 26 3 7 13 0.9 1 bar 751
bar .

Fat-free froit yogurt 38 7 O 35 0 1yogurt 752

Total grams and 2287 608 62.5 1006 133 7248

energy (kD)

perceived sweetness, aftertaste, and overall liking for the
beverage and completed the second set of motivational
ratings (Time 1). Additional sets of ratings were completed
every 20 min till noon (Times 2-7). After lunch, partic-
ipants completed the last set of ratings (Time 8§) and were
given a form to record the foods and beverages they
consumed during the rest of the day. The food-record data
were not used in the present analyses.

2.7. Daia processing and statisfics

The Statistical Package for the Social Sciences (8PSS)
version 8.0 for Windows [231 was used for data analyses,
Analyses of motivational ratings used repeated-measures
ANOVA with Beverage and time postingestion (Times 1~7)
as the within-subjects factors and gender as the between-
subjects factor. Analyses of energy and nutrient intakes used
repeated-measures ANOVA with beverage as the within-
subjects Tactor and gender as the between-subjects factor.
Only when there was 2 gender interaction, the data were
analyzed separately for each group. When appropriate,
multiple pairwise comparisons were made adjusting the
alpha value with the Bonferroni correction [23]. The
strength of the association between camulative motivational
ratings and energy mitakes at lunch was tested using Pear-
son’s correfation coefficients. Cumulative ratings were
obtained by caleulating the arez wnder the curve (AUC)
between Time 1 (post-preload) and Time 7 (prelunch).
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3. Resulis

Mean ( + S.E.M.) age was 23.1 £ 3.7 years for men and
25.4+4.2 vyears for women. Mean BMI (kg/m®) was
23.3 + 2.0 for men and 22.1 + 2.1 for women. Participants
were Caucasian (75%), Asian (12.5%), and others (12.5%).

3.1, Motivational ratings

Asindicated in Fig, 1, humger ratings were high following
an overnight fast, were reduced following preload ingestion
(9:45 am.), and gradually increased with time. Hunger
ratings dropped sharply afier lunch. All four breakfasts,
regardless of energy content (418 kJ or 1454 kl), led to 2
reduction in humger ratings during the initial 20-min post-
ingestion. Analysis of variance of hunger ratings showed a
significant main effect of time [ F(6,540)="74.72, P<.001]
and of the beverage condition [F(3,540)=3.84, P<.05],
confirming that energy-containing beverages suppressed
hunger more effectively than did sparkling water, Multi-
ple pairwise comparisons using Bonferroni correction
showed significant differences between water and orange
juice (P<.05) and marginally, between water and milk
{ P=052). The three energy-containing beverages were not
significantly different from each other (F>.05 each). No
interaction of the beverage condition with gender was
observed | F(3,540)=0.55, P>.05].

The temporal profile of fullness ratings is shown in
Fig. 2. As expected, these data were a mirror image of
hunger ratings. Analysis of variance showed main effects of
time [F(6,540y=63.32, P<.01] and beverage condition
( F(3,540)=3.78, P<.025). Multiple pairwise comparisons
showed that orange juice and milk were associated with
marginally significant higher fullness ratings relative to
sparkling water ( P=.05). There was no significant difference
in fullness ratings between cola and other beverages

" { P>,05). There was no interaction of the beverage condition
with gender [ F(3,540)=0.98, P>.05],

-~ Orange juice —&- 1% mitk =4—Cola ~O— Water

Hunger (3-point scale)

935 1000 1020 1040 1100 1120 2140 1200 1230

Broakfast Lutten Time {h)

Fig. 1. Temporal profile of hunger tatings as a function of beverage
condition (n=32).

== Orange juice = Cola

§

& Hilk (1%) -0 Water

Fuliness {9-poini scale}
Lt g o« =S h =3 ~ o

-

435 1000 1020 1040 1100 1120 1140 1200 1230

Breakfast tunch  rime {(h}

Fig. 2. Temporal profile of fullness raiinps a8 a function of beverage
condition (=32}

The temporal profile of thirst ratings is shown in Fig. 3.
Although the main effect of time was highly significant
[F(6,540)=47.69, P<.001], the effect of beverage type
failed to reach significance [F(3.540}=2.69, P=05]. Be-
cause thirst ratings showed a small but significant beverage
by gender interaction [ F(3,540)=2.97, P<.03], the data
were analyzed separately for men and for women. The effect
of beverage was significant among women [ F(3,306) =5.05,
P< 017 but not among men [F(3,234)=0.28, P>.05].
Among women, waier and orangg juice satisfied thirst better
than did the cola beverage.

Fig. 4 shows the temporal profile of the desire to eat.
Main effects of time [ F(6,540)=66.41, P<_00}] and bev-
erage condition [ F{3,5401=4.29, P< 01] were both signit
icant, indicating that the three energy-containing beverages
differed fom the sparkling-water condition, No differential
effect on desire 1o eat was observed between orange juice
and cola, orange juice and milk, or cola and milk (F>.05
each). No interaction between beverage type and gender was

-8~ Orange juice —#—1%mik —&Cola -C-Water
<]
8
B 7
i
b g
E
.g 5 A
a2
® 3
L
£
= 2
935 1000 1820 1040 1100 1120 1140 1200 1230
Time (h)
Beverage lunch

Fig. 3. Temporal profile of thirst ratings as a function of beverage condition
{=32).
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Fig. 4. Temporal profile of the desire to eat as a function beverage condition
(=32},

observed [ F(3,540)=0.94, P>.05]. Ratings of nauseca
showed no significant main effect of time [F(6,25)=2.1%,
P=>05] or of beverage condition [ F(3,25)=0.04, P>.05].

3.2, Energy and nutrient iniakes

Ernergy and nutrient intakes at lunch for each beverage

condition are summarized i Table 3, scparately for men
and women. Mean energy intakes at lunch, exclusive of
preload and averaged across conditions, were 4511 + 151 k¥
(1079 £ 36 kcal) for men and 3183 + 203 kI (762 £ 48
keal) for women. Analysis of variance of energy consumed
at lunch (exclusive of preload) failed to show a main effect
of beverage type [ F(3,90 =247, P>05].

Total energy intakes, including breakfast preload and
hunch, are summarized in Fig. 5. The main effect of beverage
type was significant for both men [ F{3,39)= 11,58, P <.001]
and women [F(3,51)=4.45, P<.01], showing that total
energy mntakes in the three caloric-beverage conditions were
higher than observed for sparkling water. Nutrient composi-
tion: of the four lunch meals was analyzed separaiely for men

and women. Beverage rype had no impact of food selection

and did not affect nutrient composition of the meal ( P>.05).
Percent energy from carbohydrate, fat, protein, or sugar was
not affected by beverage type (P05 for all variables).

B Preioad
Men

7000
6000

) 2 son

§ ?E 4000

= § 3000 -

5 I.E 2000 -
1000 -

0 Mik Cofa Water o Kk

Cola Water

Fig, 5. Total energy intake across conditions including brealdfast prefoad
(data are means = S.EM.). Within each group, means with different
superscript letters are significantly different { P < 010

Cumulative hunger ratings and the desire to eat were
related to subsequent energy intakes, but only among
women. Analyses of AUC for motivational ratings between
Time ! (post-preload) and Thme 7 (prelunch) pooled the data

- across the four beverage conditions. For women, correla-

tions between hunger and energy intake (r=.52; P<.001}
and desire to eat and energy intake (= .39; P< 001) were
highly significant. No significant relafion between cumula-
tive (AUC) hunger ratings and food consumption at lunch
was obtained for men.

4, Discussion

The three energy-containing beverages had comparable
effects on satiety, contrary o past suggestions {1], Using a
preload design [10,11,17.20-22), we were able to show that
orange juice, low-fat milk (1%), and regular cola had
identical temporal profiles for bunger and satiety. The three
energy-containing beverages differed from sparkling water,
but not from each other, in their effects on hunger, fullness,
and desire to eat. The temporal profile of hunger ratings was
paralleled by the desire to eat and was the inverse of fullness
ratings, consistent with past studies [17,22]. There were no
time-refated interactions.

The four beverages, including sparkling water, were
equalty effective in suppressing thirst. No differences in
thirst ratings by beverage condition were found among men.

Table 3
Energy and macronutrient consumption after each preload type

Men (n=14) Women (n=18)

Juice 1% milk Cola Water Juiee 1% milk Cola Water
Energy (1} 4698 + 288 4277 4+ 299 43515 + 299 4554 4 311 3080 + 254 2963 + 264 3182 +264 35054 275
Carbohydrate (g) 1503 £ 101 1357296 14524162 1437+ 11.2 972485 963+ 84 024 £ 83 131564 1.7
Protem {(g) 416118 422125 431 +£29 44,5129 3oz 20 30424 315422 337+ 24
Fat (g} 375433 350+£37 3590+£38 x40 48429 223427 47428 274£32
Sugar (g} 607+ 5.5 511260 57.2+59 537%7.06 38240 B8 L46 452+ 4.8 48.1 2 44
Total energy (k1) 6162 & 303 5746 4 322 5936 + 318 4972+ 354 4537 + 244 4402 & 246 4634 + 247 3927 & 241

Energy corresponds to that consumed at Junch only (top row) or that from breakfast and hunch (bottom row), Units are mean ki 4 S.E.M.
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Among women, water was associtated with lower thirst
ratings than cola or orange juice. Rolls et al. [20] had
reported that water suppressed thirst more effectively than
sucrose-sweetened lemonade but in men, however, that
effect was not robust and was observed for only one, out
of two, volume conditions [20]. The present data provide no
evidence for the notion of a differential impact of energy-
containing beverages on thirst.

The three energy-containing beverages had the same
encrgy density (1.8 kl/g) but differed in their nutrient
-composition, palatability, and sensory profiles. Cola had
the highest sugar content and was judged as sweeter than
either orange juice or mitk. Orange juice and cola had a
higher giveemic index ( ~ 76/100) than did low-fat milk
( ~ 46/100) [26]. Orange juice, low-fat milk, and cola were
all preferred to sparkling water. However, sensory gualities
of the energy-containing beverages as well as palatability
had no measurable impact on hunger and safiety post-
ingestion. The literature on this topic is inconclusive.
Sensory factors such as taste, flavor, and texture have been
shownto influence satiety in some cases [27-301 but not in
others [311%

The lag between the breakfzst preload and the test meal

"was 2.25 h. Differences in motivational ratings between
energy-containing beverages ard water reached a maximum
at approximately ! h and then converged, consistent with
other data [17,22,32]. Beverage type had no impact on
subsequent energy intakes or food choices [9,20,32]. Energy
intakes at lanch were the same across all four preload
conditions and within the range observed for coliege stu-
dents in satiety studies [9,12.20.32]. The amount of food
provided at lunch was copious (7248 kI} and all participants
had the option to request extra food from a side, buffet. As
expected, men consumed more energy than did women.
However, no significant downward adjustrment in energy
intake at lunch was observed.

Based on these data, we cannot reject the possibility that
the proviston of preload energy in Liquid form leads to the
absence of energy compensation at the next meal. Several
researchers have raised the important issue that Liquid
energy could actually facilitate a positive energy. balance
and perhaps affect the control of body weight [9,13,14].
However, the focus has always been on encrgy-containing
soft drinks. The present data show that cola beverage was
not substantially different in that respect from orange juice
or low-fat {1%) milk.

Another possibility is that the 2-h, 15-min time lag
between preload ngestion and the test meal was too long
for any compensation effect to be observed. Based on what is
known about gastric emptying, meals that are largely com-
posed of liguids are rapidly absorbed, A review of the
literature suggests that most consistent instances of energy
compensation, whether with solid or liguid preloads, were
ohserved in studies with a high preload volume and a very
short interval (0-20 min) between the preload and the test
meal [7,18-20,27,32-35]. Rolis et al. {6] observed energy

compensation in young male subjects following the ingestion
of 600 ml of milk-based beverage (2088 kI and 2.8% fat}
given 30 min before lunch. Energy adjustment can alse be
obscured by high pajatability of the test meal [30], so that
factor, too, needs to be considered.

In summery, thre¢ different energy-containing beverages
matched on volume and energy were distinet from sparkiing
water, but nat from each other, in their effects on hunger and
satiety. Our data provide no support for the hypothesis that
sweetened soft drinks are fundamenially different from
orange juice or low-fat milk m their impact on hunger,
satiety, and thirst. The present study represents a first direct
comparison of common beverages that are regularly used by
the consumer.

The data presented here are directly relevant to the
current controversy surrounding the role of sweetened
beverages in the American diet and their contribution to
the rising consumption of high-fructose corn syrup (HFCS)
[36-38]. Studies have linked energy-containing beverages
with a purported faiture of satiety, pointing to little- or no-
energy compensation at the subsequent meal, increased
energy intake at the long term, and in some cases, weight
gain [14], The present data show that sensory properties and
the palatability of the three beverages had little impact on
postingestive satiety [39]. As far as satiety was concerned,
energy was the important variable. Beverages of the same
energy density had comparable effects, and no differential
effects on hunger and thirst were observed. Whether liguid
and solid foods have the same satiating capacity remains a
topic for further study.
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ABSTRACT

High-fructose corn syrup (HFCS) has been implicated in excess
weight gain through mechanisms seen in some scute feeding studies
and by virtse of its sbundance in the food supply during years of
increasing obesity. Compared with pure glucose, fructose is thought
to be associated with insufficient secretion of insulin and leptin and
suppression of ghrelin, However, when HECS is compared with
sucrose, the more commonly consumed sweetener, such differences
are not apparent, apd appetite and energy intake do not differ in the
short-term. Longer-term stodies on connections between HFCS, po-
tential mechanisms, and body weight have not been conducted. The
main objective of this review was to examine collective data on
associations between consumption of HFCS and energy balance,
with particular focus on energy intake and its regulation. AmJ
Clin Nutr 2008;12(suppl):000.

INTRODUCTION

The effect of caloric sweeteners on body weight remains un-
clear (1-5}. Some studies show inverse relations between intake
of sugars and body weight (6-8), whereas others show positive
correlations (9-11). Different outcomes may arise from differ-
ences in study designs, subjects, liquid versus solid sources of
sweeteners, types of sugars studied, and other factors (12). The
World Health Organization (13), the US Dietary Guidelines
{14}, and the American Dietetic Associztion {13) all recommend
moderating intakes of total added sugars. However, guestions
have arisen as to whether certain types of sugars should be limited
more than others.

In particular, some experts have inplicated high-fructose corn
syrup (HMFCS) as 2 possible contributing factor to energy over-
consumption, weight gain, and, thus, the rise in the prevaience of
obesity over the past decades (9, 16, 17). The purpose of this
review was to examine cusrent scientific evidence on HFCS and
energy intake regulation in humans to discern whether there may
be something inherent about this sweetener that would warrant
moderation beyond that of other sweeteners to curb obesity. This
review is not iatended to refute recommendations by the World
Health Organization, the US Dietary Guidelines, or the Ameri-
can Dietetic Association regarding moderation of total added
sugars in the diet.

HFCS is produced from the isomerization of some of the
ghucose in corn syrup to fructose. HFCS-55, consisting of 35%
fructose and 42% glucese, is used in many sweetened beverages,
whereas HFCS-42 (42% fructose; 53% glucose) is used to
sweeten other products (eg, confections). Before the mid-1960s,
sucrose {30% glucose and 50% fructose) was the predominant

sweetener, but food industry developments in the following de-
cades led to increased production of HECS to replace much of the
sucrose (12, 18, 19). HFCS is now estimated o be a major source
of fructose in the US diet (3). Although fructose is present in fruit,
honey, and some other carbohydrate sources, the quantiiies con-
sumed from these sources are not as large as is found in foods and
beverages sweetened by HFCS.

RELEVANT MECBANISMS OF SUGARS IN THE
REGULATION OF APPETITE AND BODY WEIGHT

Posiprandial glycemia influences appetite responses o nutri-
ent igestion either directly or indirectly (20). The glycemic
index (GI) values reported for fructose, glucose, and sucrose are
considerably different: 19 = 2,99 + 3, and 68 * 3, respectively
(21}. The G1 of HFCS has not been published, but the GI of cola
sweetened with HFCS is 63 £ 3 (21), a figure close o that of
sucrose. which might be expected because of the similarities
between the sweeteners. Past data have indicated that {Tuctose is
more sattating than glucose (22-26). This may have been due, in
part, to its low GI; Jow-GI foods have been associated with
greater satiety than high-G1 foods (20). Low-Gl foods may pro-
long satiety between meals, whereas high-GI foods may signal
immediate satiety (1). Pructose is passively absorbed further
down the smal} intestine than is glucose (27), which may allow
prolonged exposure to gastrointestinal satiety signals than higher
GI sugars {28). It also imparts high postprandial thermogenic
responses and hepatic oxidation (29--33), which may be associ-
ated with satiety (34-36).

More recently, fructose’s unigue metabolism, mainly through
energy balance regulatory hormones, has been suggested as a
possible mechanism to explain temporal trends in HFCS cos-
suraption and obesity {16), Fructose, unlike glucose, does not
stimulate insulin secretion from pancreatic B-cells (25). Insalin

'From Rippe Lifestyle Institute, Shrewsbury, MA, and Celehration
Health, FL (TJA, VN, LZ, and JMR): the Center for Lifestyle Medicine,
University of Central Florida, Orfando, FL (TTA. JL, and JMR}; and the
Department of Nutrition & Food Sciences, University of Rhode [sland, King-
ston, RI{KIM}.

? Presenied at the American Society for Nutrition Public Information
Comimittee symposium “High Fructose Corn Syrap (HFCS): Everything
You Wanted to Know, But Were Afraid to Ask,” held at Experimental
Biology 2007 in Washington. DC, 30 April 2007,

% Supported by PepsiCo North America,

* Address reprint requests 1o TJ Angelopoulos, Rippe Lifestyle Insti-
mite, 21 North Quinsigamond Avenue, Shrewsbury, MA 01545, E-mail:
tangeiop@mail.ucledu,

dot: 10.3945/ajen 2008.25825E.

Am J Clin Nurre 2008, 20supph):G00. Printed in USA. © 2008 American Society for Nufrition is




[tapraidé/ajc-ajcn/ajc-ajon/aic01208/ajc2677-08g | moyerr | 5=8 | 10/22/08 | 17:13 | Art: 25825 | Input-jen

28 MELANSON ET AL

may he akey slement in the chain of events that leads fo increased
satiety with the ingestion of most carbohydrates (37). As a result
of high blood glucose, increased circulating insulin can amplify
satiety through actions within the central nervous system (37—
41} or by stimulating leptin secretion (42). Whereas insulin s
secreted in acute response to meals, leptin stimujation is delayed
for several hours (43, 44).

Insulin-mediated glicose uptake and metabolism in adipose
tissues play a key regulatory role in leptin concentrations (41,
45). Leptin, the diurnal patterns of which have been shown to be
regulated by insalin (46), is recognized as a medium- to long-
term regulator of energy balance through its effects on reducing
energy intake and stimulating energy expenditure (47). Leptin
acts via the hypothalamus, blocking the drive to eat caused by
energy expenditure from basal metabolism (47) and potentiaily
mhibiting the effects of the orexigenic hormone ghrelin (48 =50,
It has been suggested that in the case of fructose, which does not
stimufate insulin secretion, this chain of satiety-producing events
does-not occur (16),

Trata suggest that the satiating effects of carbohydrates may be
mediated through changes in blood giucose, insulin, and carbo-
hydrate utilization {20, 51-57), Secretion of leptin and suppres-
sion of ghrelin offer additional polential mechanistic explana-
tions for the satiating effects of carbohydrates (38-60). For
example, consumption of high-carbohydrate, Jow-fat meals re-
sults in higher 24-h circulating leptin concentrations in normal-
weight women compared with low-carbohydrate, high-fat meals
{61). A 12-wk weight reduction siudy in obese persons showed
that & high-carbohydrate {65%), low-fat (13%) diet did not resul
in the expected weight-loss-induced increases in ghrelin or ap-
petite. This suggests that isocaloric substitution of dietary car-
hohydrate for fat may lower ghrelin and, thus, hunger (62), Such
data may also indicate a role of carbohydrate in ghrelin suppres-
ston. Studies show that both oral and intravenous glucose ad-
ministration lower plasma ghrelin (63, 64). However, fructose
consumption does ot result in such increases in insulin and
leptin secretion or in ghrelin suppression (65). Melanson et al
(66) showed that although pure fructose does not increase plasma
glucose orinsubin, HFCS results in increased plasma glucose and
insulin, most likely as aresult of the glucose moiety. As discussed
below, HFCS and sucrose conswmption also produce similar
leptin responses and ghrelin suppression (66), as has been seen in
ather studies in which mixed carbohydrates were fed (67).

Iniravenous infusion of giucose does not decréase food intake
or visual analogue scale appetite ratings, whereas glucose ad-
ministered orally or by wmbe leads to decreased hunger (28).
These findings suggest that gastroiniestinal factors may mediate
carbohydrate-induced satiety. Furthermore, glucose decreases
shreiin secretion and feads to increased glucagon-like peptide-1
(GLP-1) secretion, more so than fructose (68). GLP-1, which is
inversely related to ghrelin (69}, has an inhibitory effecl on food
intake through increased satiety (70, 71) and satiation (72).

FRUCTOSE, ENERGY INTAKE, AND ENERGY
BALANCE REGULATION

Discrepancies exist between the effects of pure glucose and
pure fructose on satiety and energy intake. Some studies show
that a glucose preload decreases hurger and inhibits future food
intake more than does fructose (73, 74). Others show that {rue-
tose inhibits food intake more than does glucose (22-26). Still vet

other studies have found no significant differences between the
sugars (33,68, 75-77). Astudy in 14 healthy men compared 75-g
loads of an 80% fructose, 20% glucose mixture {glucose was
added to reduce fructose malabsorption), glucose, sucrose and
polycose (a branched polymer of glucose often used as 2 bulking
agent}, and a sucralose {a calorie-free sweetener) control (78). No
significant differences were found in subjective appetite ratings.
A libitum energy intake at | b was suppressed by glucose rel-
ative fo the sucralose control. Blood glucose correlated with
satiety ratings in this study. Intake after the fructose-glucose
mixture did ot differ significantly from any of the other condi-
tions, including the sucralose condition. Energy intake compen-
sation at the meal 1 h after fructose-glucose consumption was
only 11.3% compared with 36—-48% from the other beverages.
Although this was not statistically significant, it suggests incom-
plete energy intake compensation.

Inconsistencies in the scientific fiterature about fructose and
energy intake may be related to subjects or the experimental
design, eg, the time at which satiety was measured, the amount of
carbohydrate given, whether the carbohydrate was as an isolated
monosaccharide or was part of a meal, and the route of admin-
istration. Lack of difference in energy intake is particularly con-
sistent when fructose is consumed in combination with other
carbobydrates (33, 65, 78), which is the case for HFCS and
sucrose (Table 1), This may be because other carbohydrates
influence the speed or completeness of fructose absorption 27N
or because energy balance reguiatory signals are influenced by
the combination of the carbohydrates (66).

Longer-term studies cesigned specifically to test the effects of
pure fructose on energy intake and body weight are exiremely
limited. An early study in which 14 men with type 2 diabetes
suppiemented a high-carbohydrate diet with 40350 g of fructose
for 24 wk showed significant weight gain (85). Because total
energy intake increased with the fiuctose supplementation, it is
difficult to discern whether the weight gain was specifically
related to the fructose, Furthermore, because this study was con-
ducted in persons with diabetes, and there was no control group,
applicability to the general population is questionable.

More recently, an outpatient trial was conducted in 7 healthy-
weight young males who underwent a 2-wk isocaloric diet that
was then supplemented with 1.5 g fructose per kg body wt daily
for 4 wk. With each of 3 daily meals, volunteers consumed a
20%-fructose solution. This supplementation resulted in & pre-
scribed excess daily energy intake of 18% from fructose (86).
Although total energy intake was not measured, body weight did
not change over the 4 wk, suggesting a neutral energy balance
despite the added fructose. This could have been due to energy
intake compensation or to increased energy expenditure (EE),
aithough 5-h EE, as measured by ventilated hood indirect calo-
rimetry, did not differ significantly throughout the intervention.
However, limitations of this study included a lack of a control
group, a small sample size, and a short duration,

In terms of fructose and hormonal regulators of energy, fruc-
tose tends to blunt insulin responses compared with glucose;
these findings are very comsistent (33, 63, 68, 77). Although
lower GLP-1 responses to fructose have been reported (68), this
isnot always the case (26, 65, 77). A randomized controlied study
in 12 healthy-weight women compared fructose and glucose
served in beverages with meals as 30% of total energy intake
during twa 2-d laboratory visits. On the first day, when the test
beverages were included, total energy intake was controlied and

Ti
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TABLE 1

HFCS AND ENERGY INTAKE

Shart-serin energy intake regulation studies in which fructose was served in the presence of other carbohydrates or in which high-fructose

COrn syrup was served

Comiparative
Reference Subjects Test sweetener sweetener Time frame VAS EI Metabolic responses
Hoit g1 al, 2000 (79 11 Lean men Sugared cola Sugar-free cola 14 N§ NS Notmeasured
Anderson et al, 2002 14 Healthy-weight  80% Fructose, Ghicose, 60 min NS NS  Biood glucose significantiy
{783 men 20% glucose sucrose, ’ lower afier fructose-
polycose gincase than glucose or
SUCTOSE
Almiron-Roig and 32 Normai-weight HECS Orange juice, 2h, 15 min NS NS Notmeasured
Drewnowski, 2003 acults 19~ fa1 mitk '
(84}
Teff et ai, 2004 (65) 12 Normal-weight Fructose beverages  (lucose 2d NS NS Lower blood glucose,
women with meals beverages insulin, and leptin and
with meals less ghrelin suppression
after fruciose
Wei and Melangon, 12 Obese men Pructose milk Glucose milk 3h NS NS Lower blood glucose after
2006 (33)% shakes shakes fructose; higher B and
RQ
Perrigue et al, 2006 37 Young adults HECS-35, HFC-42  Sucrose, 1%- 140 min NS NS Notmeasured
80y fat milk '
Melanson et al, 2007 30 Normal- weight ~ HFCS beverages Sucrose 2d NS NS No significant difference in
(66) WOmon with meals beverages bloed glucose, insulin,
with meals leptin, or ghrelin
syppression
Zuckdey et al, 2007 29 Obese women HFCS beverages Sucrose 2d NS NS Nosignificant difference in
(81%7 with mieals beverages blood glucose, insulin,
with meals lepuin, or ghrelin
' suppression
Akhavan and Anderson, 31 Healthy men HECS Sucrose, varied 7S min (Bl @ NS NS No significant difference in
2007 (823 fructose: 80 min) blood ghicose, uric aeid,
ghucose nsuli, or ghrelin
Soenen and Westerterp- 70 Heglthy men HECS Sucrose (and 120140 min NS NS  No significant difference in
Plantenga, 2007 (83) and women nilk) blood glucose, GLP-1,

insulin, or ghrelin

! EE, energy expenditure; I, energy intake af an ab libitum meal after preload consumptios; GLP-1, glucagon-Tike peptide- 1; HFCS, high-fructose com
syrap; NS, not sigmificantly different by siatistical anatyses; RQ, respiratory quotient; VAS, visual analogue scale ratings of hunger, satiety, and other appetite

variabies.
2 Abstract,

subjective appetite was rated. On the second day, the test bever-
ages were not served, and food inftake was ad Hbitum. Results
showed that with this large fructose dose, circulating insulin and
leptin were lower and postprandial ghrelin suppression was at-
tenuated compared with glucose (65).

After breakfasts served with fructose beverages, ghrelin de-
creased by =30 pg/mL compared with =100 pg/mL afier glu-
cose. Although postprandial peaks in the active form of GLP-1
were strilar after meals served with fructose-sweetened versus
glucose-sweetened beverages, active GLP-1 remained higher
after unch and dinner during the fruciose trials compared with
the glucose trials. Despite hormonal differences, subjective ap-
petite and ad libiturn energy intake did not differ between fruc-
tose and giucose conditions in this study. However, in the 5
wornen with high scores for dietary restraint (measured by the
Three-Factor Eating Questionnaire), higher hunger and fat intake
were seen in the fructose condition. Although these women did
not have different hormonal responses, potential susceptibility to
fructose according to subject characteristics should be followed
up in larger groups of persons. This study would need (o be
followed up over longer periods to deterinine whether these

differences in hormonal, but not overall appetitive responrses,
persist with time,

HIGH-FRUCTOSE CORN SYRUP, ENERGY INTAKE,
AND BODY WEIGHT: SHORT-TERM STUDIES

The study noted above (65), compared beverages sweetened
with pure fructose and glucose, but as described earlier, HFCS is
more singilar to sucrose than it is to fructose. Thus, although the
above study provides evidence that excess fructose conswmption
can be detrimental to metabolism, it did not address the issue of
whether the replacement of sucrose in the American diet with
HFCS may be problematic. Therefore, Melanson et al (66) con-
ducted a similar study design with two 2-d visits in 30 healthy-
weight young wonen 1o compare hormonal and appetitive re-
sponses to beverages sweetened by HFCS or sucrose. The
beverages were served with 3 meals during the day and provided
30% of energy intake. As with the previous study, energy intake
was contrelled on the first day when the test beverages were
served and appetite was rated, and food intake was ad libitum on
the second day of each visit.
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Blood ghacose, insulin, leptin, and ghrelin did not differ sig-
nificantly between the 2 sweeteners. HFCS- and sucrose-
sweetened beverages produced similar ghrelin suppression afier
each meal of ~200 pg/mL. after both sucrose and HFCS trials. As
was seen in the fructose-glucose study described above (63}, no
significant differences were seen between HFCS and sucrose in
ad libitum energy or macronutrient intakes. Appetite ratings
were also similar {the one exception was a slightly greater desire
to eat after sucrose consumption). Lack of differences between
HFCS and sucrose in energy intake and appetite ratings are not
surprising because of similar responses in plasma glucose, insu-
fin, leptin, and ghrelin (66), all of which have been postulated as
biomarkers of energy intake regulation (36).

Zuckley et al (81) recently repeated the same study design fo
compare hormonal and appetitive responses to HFCS and su-
crose in obese and overweight. women, As with the previous
study, preliminary findings showed thag these responses to HFCS
and sucrose do not diffes significantly in persons carrying excess
body weight. Similar blood glucose and hormones, as well as
appetite ratings and ad libitum energy intake, were seen with
consumpiion of HECS and sucrose. Such resules should be ex-
plored in other populations, eg, obese men and older, and
younger persons. Additionally, total dietary HFCS should be
differentjated from beéverage sources of HFCS, and outcomes
beyond these 3 hormones and appetite shouid be measured.

Two recent publications, each reporting 2 short-term experi-
ments, have corroborated data showing a lack of differential
hormonal and appetite responses to HFCS and sucrose (82, 83}
In a total of 31 healthy subjects across 2 experiments, no differ-
ences hetween the sweeteners were seen i acute (75-80 min)
responses of appetite, blood glucose, uric acid, insulin, and gh-
relin (r = 7 for these 3 last variables) (82). Preloads of HFCS,
sucrose, or mitk produced similar 2-h responses of ghicose, in-
sulin, GLP-1, ghrelin, rated appetite, and energy intake compen-
sation in 2 total of 70 healthy men and women across 2 experi-
ments (83).

Appetite responses to beverages sweetened by HFCS have
been compared with a variety of other beverages. Forexample, in
a study of 14 men and 18 women who served as their own
contzols, isovolumetric 248-kcal drinks were served with a slice
of toast, and an ad libitum lunch was served 2 b and 15 min later
{84). The drinks were tested in random order on separate days,
including HFCS-sweetened cola, orange juice, and 19%-fat milk.
These were compared with isovolumetric carbonated water, Al-
though the 3 energy-containing beverages suppressed subjective
hunger ratings, desire to eat, and ad libitum intake mote than did
water, they did not differ significantly from each other.

Similar results were seen in a preliminary study that compared
cola sweetened with sucrose, HFCS-55, HFCS-42, or aspartame;
1%-fat milk; and a no-beverage control in 37 aduits in a randorn-
ized paired design {79). Hunger and satiety ratings did not differ
significantly among the beverage treatments. Relative to the 2
no-energy treatments, energy intake compensation was similar
among the 4 energy-containing drinks at the meai 140 tnin fater.
These 2 studies examined typical HFCS loads and found similar
appetite responses compared with isocaloric beverages. There-
fore, it is possible that the fructose content of typical HFCS loads
may be below the fructose threshold reguired to alter metabo-
lism, or that the presence of other carbohydrate sources might
prevent metabolic alterations, These possibilities warrant further
investigation.

Eleven healthy young males participated in a randomized
study to compare appetite after consumption of isovolumetric
preloads of sugar-rich cola, sugar-free cola, and mineral water on
separate days (80). The sweetener of the sugar-rich cola was not
clarified in this stady, but becanse it took place in Australia, it is
possible that the sweetener was sucrose rather than HECS. How-
ever, the results showed that satiety immediately after the pre-
loads was inore dependent or volume than on energy content or
sweetness. Lunch intake after the preloads suggested insufficient
energy intake compensation for the energy in the sugar-rich cola,
although this was not statistically significant. Total energy intake
over the full day did not differ among the preloads, which sug-
gests that, with time, energy intake evened out.

HIGH-FRUCTOSE CORN SYRUP, ENERGY INTAKE,
AND BODY WEIGHT: LONGER-TERM STUDIES

On the basis of studies focused specifically on fluids, high
consumption of sugar-sweetened beverages, in general, may be
associated with excess body weight (87). Drinking soda sweet-
ened with HFCS has been associated with increased ad libitum
energy intake and body weight compared with the same amount
of soda sweetened with the noncaloric sweetener aspartame {10).
Studies have also shown increases in energy intake and body
weight over 10 wk when subjects incorporated sucrose, as com-
pared with nonnutritive sweeleners, into their diets (11). In chil-
dren, Ludwig et al (9) found that the overall quantity of sugar-
sweetened beverages ingested was prediciive of initial and
follow-up body mass index. Prospective epidemiotogic data in
adults have associated increases in sugar-sweetened beverages
with weight gain (88). Together, these studies imply that in-
creased energy intake by sweetened beverages is not compen-
sated for in subsequent intake, which may lead to overconsump-
gon., However, these studies do not determine whether HFCS
may be more of a factor in weight gain than other caloric sweet-
aners, nor do they specifically address the implications of total
dietary HFCS from all sources on energy intake and body weight.
Overall, longer-term studies have mainly compared HFCS with
noncaloric swesteners; prospective studiss comparing HFCS
with other caloric sweeteners are needed.

Most studies of HFCS, energy intake, and body weight have
specifically focused on beverage consumption rather than total
dietary HFCS. Some research has shown that energy intake com-
pensation is less precise when caloric beverages are consumed
versus solid food (1, 89, 90). For example, a study that compared
weight gain after 4 wlk of consumption of a sweetened soda
versus the same carbohydrate toad in the form of jelly beans
found more weight gain after the beverage (80). However, a
recentreview {91 provided evidence that questions the plausibly
of claims that liguid energy sources, in particulas, may increase
weight gain. For example, becaunse liquid meal replacements can
promote weight loss when used appropriately, appropriate use of
caloric beverages (ie, replacing calories versus adding calories)
may be more of a concern.

CONCLUSIONS

Collecsively, scientific evidence suggests that high consump-
tion of pure fructose may be problematic to energy intake regu-
lation. However, HFCS is more similar to sucrose than it is to
fructose in terms of its content, appetitive responses, and aspects
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of its metabolism that have been measured to date. Thus, existing
theoretical and empircal evidence suggests that fructose-
indaced problerms are not relevant to HFCS consumption.

The potential hormonal and physiologic responses to HFCS
have not yei been connected to longer-lerm appetite or metabo-
lism, and, thus, to body weight regulation. Longer-term studies
have mainly compared HFCS beverages with noncaloric bever-
ages, and, therefore, are relevant more 10 the issue of increased
caloric intake from sweeteners than to the effects of specific
sweeteners relative to each other. Research is needed in this area,
especially considering the significant use of sweeteners in the
United States and other developed countries {3, 12, 18, 19): Itis
important to determine whether any sweetener needs to be Him-
ited more than others. Mechanistic approaches, as well as
outcome-oriented approaches focused on energy intake and body
weight, should be inciuded in this research agenda.

As shown in Table 1, insufficient scientific evidence currently
exists to indicate that HFCS disrupts short-term energy balance
signals or increases short-term appetite and energy intake mare
than do other sweeteners. The metabolic and endocrine re-
spanses that have been measured o date are similar between
HFCS and sucrose, the sweetener HFCS has largely replaced in
the US diet. Additional work should be performed to see whether
these results extend to other metabolic and endocrine responses.
In addition, longer-term investigations of the effect of HFCS on
energy balance reguiatory systems are needed io further under-
stand the role of this sweetener in body weight regulation.

Other articles in this supplement to.the Joarnal inciude refer-
ences 92-93.
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No differences in satiety or energy intake after high-fructose corn

syrup, sucrose, or milk preloads’™

Stijn Soenen and Margriet § Westerterp-Plantenga

ABSTRACT

Background: It is unclear whether energy-containing drinks, espe-
cially those sweetened with high-fructose corn syrup (HFCS), pro-
mote positive energy balance and thereby play a role in the devel-
opment of obesity.

Ohbjective: The objective was to examine the satiating effects of
HFCS and sucrose in comparison with milk and a diet drink.
Design: The effects of 4860-mL drinks containing no energy or 1.5
M1 from sucrose, HRFCS, or milk on satiefy were assessed, firstin 15
men and 15 women with & mean {50} body mass index (BML; in
kg/m®) 0f 22,1 £ 1.9 according to visual analogue scales (VAS) and
blood variabies and second in 20 men and 20 women (BML 22.4 +
2.1) according to ingestion of a standardized ad libitum meal
(granols cereal + yogurt, 10.1 kFg).

Resuits: Fifty minutes affer consumption of the 1.5-MJ preload
drinks containing sucrose. HFCS, or mitk, 170%-mum VAS changes
in satiety were observed. Glucagen-like peptide 1 (GLP-1} (P <
0.001) and ghrelin (P < 0.05) concentrations changed accordingly.
Compensatory eneryy intake did not differ sigrificantly between the
3 preloads and ranged from 30% to 453%. Energy intake compensa-
tions were related to satiety (v = 0,35, P < 0.05). No differences
were observed between the effects of the sucrose- and HFCS-
contatning drinks on changes in VAS and on insulin, glucose,
GLP-1, and ghrelin concentrations. Changes in appetite VAS ratings
were a function of changes in GLP-1, ghrelin, insulin, and glucose
concentrations.

Conclusion: Energy balance consequences of HFCS-sweetened
soft drinks are not different from those of other isoenergetic drinks,
eg, & sucrose-drink or mill. Am J Clin Near 2007,86:1586-94,

KEY WORDS
cose, energy intake

Glucagon-like peptide 1, ghrelin, insulin, glu-

INTRODUCTION

Trends in overweight are consistenl with increased energy
intake over recent decades (1). The upward shift in energy intake
may partly consist of the consamption of soft drinks (2-5). In-
creased soft drink consumption has coincided with the increase
in prevalence of overweight and obesity (6, 7) over ihe past 3

1586

" decades in the United States (§8-10). In the 1970s, the food

industry in the United States introduced high-fructose corn syrup
(HFCS) sweetener as a substitute for sucrose (11). It has been
suggested that the obesity epidernic may have been aggravated
by the increase in HECS consumption (312).

Drinking HFCS-sweetened soda was reported to increase en-

‘ergy intake and body weight {13). However, several studies have

reported that fructose, when consumed aione, reduced subse-
guent energy intake equally in some (1416} or significantly
more in other studies {17-19) compared with a monosaccharide
glucose preload. Yet, it should be noted that the principal sweet-
ener in soft drinks in the United States, HFCS, is not pure fructose
but & mixtuzre of fructose (35%) and glucose (45%). Pactors that
may account for the different effects of fructose alone or 2 mix of
fructose and glucose are its gastrointestinal effects and absorp-
tion characteristics (20, 21,

In addition o the composition of ingested carbohydrates, the
physical state of intake may be important in influencing subse-
guent energy intake compensation, Compensatory dietary re-
sponses to energy-containing beverages have been found to be
jess precise than those to isoenergetic solid loads (22, 23). Thus,
fluid carbohydrates such as soft drinks could increase the risk of
excess total energy intake. An effect of soft drink consumption,
eg, of sucrose compared with artificial sweeteners, on weight
gain and obesity has been found in children (24-26), adolescents
{27}, and adults (28, 29). On the basis of these studies, it is
suggesied that carbohydrates in Hquid form promote a positive
energy balance and therefore contribute to the development of
ohesity.

Compensation for energy intake from drinks by a change in
energy intake at the subsequent meal depends on the moment in
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TABLE ¥
Subject characterissics
Study 1 Study 2

Women Men Women Men

(n=15) {n=15) in=20) {n =20 P {ANOVAY
Agely) 201 4+ 1.5 (7 2154 1.8 (8) 2122220010 22.3 L 4.5 20%
Weight {kg) 63.7 £ 7.3 (12 75.8 £ 9.5(13) 6507700 762+ 60{8) <0001
Height (cmy) 1704+ 36(3) 1833 £ 8.0(4 1716 = 46(3) 183.0 7.2 (4) <{i.00%
BMI (kg/m®) ZLe 19 W 223X 1R8(%) 220 % 2.1 (ih 228 2049
Systolic blood pressure-(run Hg) 123 £ 14 (1) 131 & 11(8) 123 + 11 (% 130 = 108} <005
Diastolic blood pfessure (mm Hg) T3E9(12y 78 & 10(13} T4 £ 811 77279
Fl, cognitive restraint’ 5129067 234+ 22067 5523055 3342164 <0.0065
F2, disinhibition” 4.9 £ 1.9 (3% 3.0 E L1035 5.0 % 2.0G(40) 40 £ 2.0(50) <0.01
F3, hunger® 4.5 £ 2.9 (64 3.3 £ 1.8(5%) 4.4 5 2.9 (68) 5.1+ 34067
Insulin (mU/L)® 12.9 + 4.1 {32) 127 38030
Glucose (mmol/L)® 4910306 5.3 4 0448} <{.001

/ Represents differences between men and women; all subjects participated in either study | or 2 n = 37; 13 subjects participated in both studies),
1%+ 8D CVin parentheses (all such values).

¥ A measure of cognitive reswraint with the Three-Factor Eating Questionmaire {TFEQ); minbmimm seore = (, maximum score = 21; cutoff point for the

Duich population was 9, Values >9 indicate cogpitive restraint eating.

“ A measure of disinhibition or emotional eating with the TFEL; minimum score = ), maximum score = 14,
¥ A general feeling of hunger with the TFEQ; minimum score = ), maximum score = 14.
9 Average plasma concentrations aver the 4 test days afteyr the subjects fasted overnight.

dme of preload ingestion. Time delay between preload and test
meal interferes with the outcome of preload studiss (30-32).

The objective of the present study was to examine whether
there is & difference in response between a HFCS-sweetened
and a sucrose-sweetened isoenergetic, isovolumetric orange-
flavored preload and a no-energy control. A milk preload was
used to compare the soft drinks with another type of liquid pre-
load. In the first study, the responses were measured as the ap-
petite profile using visual analogue scales (VAS) and as a pos-
sible change in the satiety hormones: glucagon-like peptide !
(GLP-1), insulin, ghrelin, and glucose, Moreover, the latest time
point after ingestion when relevant differences in satiety scores
or satiety hormone concentrations were still present was deter-
mined as the moment in time for the subsequent test meal. In the
second study, possible compensation in epergy intake during an
ad libitum subsequent meal was determined. The studies were
conducted in Burope, so subjects had a negligible history of
consuming HFCS-containing products.

SUBJECTS AND METHODS
Subjects

Subjects were recruited by means of &n advertisement in focal
newspapers and on notice boards at Maastricht University. Sub-
jects who were willing to participate in the study were subse-
quently screened by means of a detailed medical history and a
physical examination. All subjects were in good health, were
normotensive, were nonsmokers, were nonrestrained ealers,
were regular breakfast consumers, were at most moderate alco-
hol users, had a stable body weight (a change of <2 kg over at
ieast the past 2 mo} and did not use prescription medication.
Excluded from the study were athletes, defined as those who
trained =10 hiweek. Thirty subjects (equal numbers of men and
women) participated in the first study, 40 in the second study.
Subiect characteristics are given in Table 1. Subiects were re-

quested to maintain their customary level of physical activity and
normal dietary habits and not 1o gain or lose weight for the
duration of the study. All subjects gave writter: informed consent,
and the experimental protocol was approved by the local Medical
Ethics Commitiee of the University of Maastricht, Maastricht,
Netherlands. -

Study design

A within-subjects design was used, with each subject retum-
ing for 4 separate test days = wk apart. The preloads were
offered blindly and in randomized order to avoid the order-of-
treatment effect. To analyze possible differences in the appetite
profile, VAS ratings and blood samples for the measurement of
GLP-1, ghrelin, insulin, and glucose concentrations were col-
lected before and after preload consumption in the first study.
The last moment in time at which relevant differences in satiety
were present was determined to decide on the timing of the test
meal in the second study, The second study consisted of the same
preload consumptions as in the first study, with VAS ratings of
the appetite profile before and after the pretoad and a test meal at
the relevant moment in time. as defined by the first study.

Anthropometric measures

Body weight was determined during screening and on each test
day with a digital balance {weighing accuracy of 0.02 kg; Chyo-
MW-I50K: Chvo, Japan) while the subjects were weaning un-
derwear and in a fasted state and after they had emptied their
bladders. Height was measured to the nearest 0.1 cm with a
wall-mounted stadiometer (model 220; Seca, Hamburg, Ger-
many). Body mass index (BMI} was calculated by dividing body
weight (kg) by height squared (m®). Systolic and diastolic blood
pressures were recorded during screeming with an automatic
blood pressure monitor (OSZ 5 easy; Spreidel & Keller GmBH
and Co, KG, Jungingen, Germany).
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TABLE 2
Energy and macronutrient composition of the 4 preloads and the meal’

SOENEN ET AL

Preload
Suctose-containing HFCS-containing Mili Diet
preload? preload’ preload prelosd Meal”
Carboirydrate [kI (%)) 1500 1300 632 0 554 (55)
Glucose [k} (%)] 960 {64} 6I151741) 0 0
Fructose [kl (9] 540 (36} 885 (59) ¢ 0
Lactose {kJ (%)) 0 G 632 (42}
Protein [kF (%)) 0 O 442 3k 2 3G (8)
Fat [k (%)) 0 0 426 (28) 0 378 (37)
Energy (k0) 1500 1500 1300 2 1012
Volume (ml.) 200 200 866 300
Energy density (ki/g) 1.9 . 1.9 1.9 G 10.1

/ HECS, high-fructose com syrup. Values reporied as percentages represent the percentage of energy of the energy-containing macronutrients.
* 66% sucrose and 34% glucose syrup (91% glucose and 9% fructose).

* 55% fructose and 45% glucose syrup {91% glueose and 9% fructose).

* The test meal consisied of a granola cereal and yogurt; values are expressed per 100 g.

wrial of Clinical Nutritin

Preloads

The 4 beverages were as follows: a beverage containing sucrose,
one containing HECS, one containing milk, and a diet drink. The
energy content and macronutrient compositon of the 4 beverages
are specified in Table 2. All 4 drinks were isovolumetric and had a
volume of 800 ml.. The energy drinks were isoenergetic and pro-
vided 1.5 MI. The diet drink had an energy content of 0.2 MI The
drinks containing sucrose of HFCS and the diet drink were orange-
flavored custom-made beverages and were equally sweet. The
sucrose-coniaining preload had the same consistency as a commer-
cially available sucrose-sweetened drink containing 430 g sucrose
and 236 g glucosesyrup (91 % glucose and 9% fructose). The HFCS-
containing preload had the consisiency of a commercially available
HFCS-sweetened drink containing 55% froctose and 43% giucose
syrup (91% glucose and 9% fractose). The diet prefoad consisted of
the sweefeners aspartame, acesulfame-K, and sodivm cyclamate.
Additionally, all 3 preloads contained water, citric acid, orange
flavoring, coloring E160, preservative E202, and antioxidant E300.
Drinks were prepared by diluting 133 mL syrup with 667 mL water.
All 4 beverages were served chilled at 8 °C.

Test meal

The test meal that was served in the second study consisted of
a granoia cereal with yogurt. The nutrient comnposition of the test
meal is shown in Table 2. Subjects were requested to continue
eating until they felt comfortably full. All foods were preweighed
at the time of serving, and plate waste was collected and weighed.,

Attitude toward eating

The subjects’ attitude toward eating was determined during
screening with the use of a validated Dutch transtation of the
Three-Factor Eating Questionnaire (FFEQ) (33, 34). The scores
on cognitive restrained and wirestrained eating behavior (F1),
emotional eating apd disinhibition of conirol (F2}, and subjective
feeling of hunger (F3) are shown in Table I,

Appetite profile

The subjects’ feelings of hunger, satiety, fuliness, prospective
food and drink consumption, and desire to eat and drink were
scored on anchored 100-mm VAS at6 different (.5-h time points

in study I and at 7 tirne points in study 2. The scale ranged from
“notat all” on the left to “extremely” on the right. Subjects were
instructed to mark, with a single vertical line, 2 point where the
length of the line matched their subiective sensation. All VASs
were provided on a separate Torm at each time point and were
collected immediately after they had been completed.

Taste perception and hedonics

Subjects rated their taste perception and hedonics for the 4 test
drinks on anchored 100-mm VAS duwring screening and at the first
and last sip of the beverage consumed during each test day (Table
3). The following scales had to be completsd: how sweet, sour,
bitter, or salty the drink was; how rich, creamy, and fresh the flavor
of the drink was; and how pleasant the drink was in the mouth.

Blood samples

Venous blood samples were taken at 3 time points: one fasting
sample at baseline before and 4 samples 15, 30, 60, and 120 min after
preload copsurnption. After each blood collection, the intravenous
cannula was rinsed with 0.9% sterile sodium chioride solution con-
taining 1% heparin. Blood sampies were taken to determine con-
centrations of plasma GLP-1, ghrelin, insulin, and giucose. The

TABLE 3
Perceplion of taste characterisiics’

Sucrose- HECS-

containing containing Milk Diet

preload preioad preload prefoad
Sweetness 66 + 14° TOx 17" 25 £ 220 52 4 22°
Sourness 20 & 20%° 20 & 230 13 & 16° 37+ 21
Bitterness 12 4128 154 17% 12 & p7ee 23 £ 21¢
Saltiness § &+ 300 8L 12 10 & 15¢ 14 4+ 17
Richness 44 23 50 £ 24° 68 = 16" 41 + 25"
Creaminess 13 + 16* 14+ 148 77 & 130 134 15"
Refreshing 67 & 14 66 1 147 43 & 20° alx 19
Pleasantness 70 % 14° 64 + 15° 52+ 210 50+ 23°
Intenseness 51 x 19% 59+ 21° 50 £ 206° - 4R £ 22

! Allvalues are ¥ x SD.HFCS, high-fructose corn syrup. Means in arow
with different superscript letters are significantly different, P < 0.05
{ANOVA),

2002 ‘0| equiesa uo 1sanb Ag B0 uble MMM WO PBPBOIUAMO(]



SOFT DRINK INTAKE, SATIETY, AND COMPENSATION 1589

blood samples were collected in tubes contaiming EDYTA (o prevent
ciotting, Blood samples for GLP-1 analysis were collected in ice-
chilled syringes containing 20 pL dipeptidy! peptidase-TV (DPP-
V) inhibitor (Linco Research Inc, 5t Charles, MO) to prevent deg-
radation. Plasma was obtained by centrifugation (1500 X g, 10 min,
4 °C), frozen in fiquid nitrogen, and stored at — 80 °Cunti analyzed.
Plasma ghrelin samples were mixed with hydrochloric acid, meth-
anol, and phenylmethanesulfonyl fluoride (Sigma-Aldrich, Zwijn-
drecht, Netherlands). Plasma concentrations of active ghrelin were
measured by radicimmunoassay (Linco Research Inc) and those of
active GLP-1 by enzyme-linked immunosorbent assay (BEGLP-
35K; Linco Research Inc). Insulin samples were analyzed with a
radioitmmunoassay kit {Linco Research Inc), and glucose samples
were measured by using a hexokinase method (ABX Diagnostics,
Montpellier, France).

Test day procedure

After fasting overnight, the subjects arrived at the laboratory at
0815, The subjects were asked to consume their habitual evening
meals, 1o refrain from alcohol or strenuous exercise, and to re-
frain from eating and drinking after 2300 on the day before each
test. Body weight was measured, and an intravenous Venflon
cannuda (Baxter BV, Utrecht, Netherlands) was inserted in the
antecubital vein to enable blood sampling (study 1}. The subjects
remained seated in comfortable chairs separated by large room
dividers with minimal disturbance from the investigators
throughout the experimental session. During each test day, the
subjects were isolated from time cues to eliminate as much as
possible habitual {time-determined) meal patterns; no watches,
clocks, or radios were present in the test room, and the research
refrained from making time-related statements. The subjects
were allowed to siretch their legs, use the bathroom, read, listen
to music, or watch movies, but not whilte drinking the preload or
eating the meal (study 2). AtG900, after collection of the baseline
appetite profile and blood samiple, the subjects received 1 of the
4 liguid preloads. The preloads had to be consumed entirely
within 10 min, The preloads were accompanied by a VAS of taste
petception and hedonics at the first and last sips of the beverage.
Blood sampling in study 1 was repeated 153, 30, 60, and 120 min
after preload consumption and the appetite profile 20, 50, 80,
110, and 340 (last time point only in study 2) min after preioad
consumpiton, The catheter was removed afier the last blood
sample had been taken. The meal in study 2 was served 50 min
after preload consumption based on the VAS ratings or differ-
ences in increases of satiety hormones in the first study.

Statistical analysis

Data are presented as means * SDs or SEs. VAS ratings were
measured in millimeters from the left end of the scale. The
changes in concentrations of the hommones from baseline and
changes from baseline in VAS ratings of the appetite profile were
compared by analysis of variance (ANOVA), repeated-measuzes
ANCV A (analysis of change score), and analysis of covasiance
(ANCOVA) with the baseline values as covariates. Because the
experiment was fully randomized with a T wk washout between
the tests, because there was ne significant difference between the
baseline scores, and because the washout period was longer than
the actual experiment, itis more appropriate to use the analysis of
change score from baseline with an n-factor repeated-measures
ANOV Alinstead of ANCOV A (35). An ANCOV A may give bias

because of the “weight” of the baseline values (35). Post hoc
analysis was carried out with & Fisher's protected leasi-
significant differencetest, Sheffe’s Frest, or a Tukey's test. Taste
perception and energy intake after the preloads were compared
by ANOVA. Differences in responses between the drinks con-
taining sucrose and HFCS were compared with 2 2-tailed paired
Student’s #test. Sex differences were assessed by using ANOVA.
Time-by-sex interactions were assessed by using repeated-
measures ANOVA, and time-by-freatment-by sex interactions
were assessed by using multivariate ANGV A with preload con-
dition and sex as fixed factors. Changes in the desire (o eat from
baseline were analyzed as a function of changes in concentrations
of hormones and glucose from baseline by regression analysis,
Compensation was calculated as the difference between energy
intake after the diet preload and energy intake after any of the
energy preloads as a percentage of the energy content of these
preloads. Overconsumption was calculated as a difference be-
tween total energy intake &fter any of the energy preloads and
total energy intake afler the diet preload as a percentage of energy
intake after the diet preload. All analyses were performed with
the Statistical Package for the Social Sciences (SPSS) version
11.0.3 for Macintosh O8 X (SPSS Inc, Chicago, IL). Differences
were regarded as significant if # < 0.05.

RESULTS

Perception of taste characteristics

Drinks containing sucrose or HECS (800 mL., 1.5 MJ) did not
differ in taste perception or palatability. The milk preload (800
mL., 1.5 MJ) was perceived as less sweet, sour, refreshing, and
pleasant {F < (.01) and more rich and creamy than the preloads
containing sucrose or HECS (P < 0.005). The diet preload (800
mL, 2 kI} was perceived as less pleasant and less sweet than
preloads containing sucrose or HECS (P < 0.001) (Table 3).
Taste perception did not differ between sexes. Perceptions of
thirstafter the preloads did not differ between the prefoads. Thirst
was significantly more reduced in women than in men {change in
area under the curve (AUC) from baseline: ~18 = $ compared
with =31 & 16 mm VAS/min respectively; P < 0.05].

Determination of the moment in time to serve the test
meal in study 2 '

In study 1 we determined the momentin time to serve the meal in
stucly 2. The right moment was determined by idenfifying the mo-
ment in ime when the mean difference in responses to the prejoads
containing sucrose or HFCS was statistically significant. This mo-
ment appeared to be 50 min after the preioad consumption. This
moment in fime was underscored by the following. Although pre-
loads containing sucrose or HFCS did not differ in satiety and hun-
ger ratings in the total group (Figure 1), the reduction in hunger
relative to baseline after a preload differed significantly between
men and women (P << 0.05). Men had a significantly greater reduc-
tion in hunger afier the preload containing HFCS than after the
preload containing sucrose at the 50-mip time point (—8 % 14
compared with —17 = 15 mm VAS, respectively; P < 0.05),
whereas women showed the opposite. Women had 2 significantly
greater reduction in hunger ratings at the 50-, 8C-, and 110-min time
points, with the maximal difference occurring 50 min (—24 £ 18
compared with ~7 & 19 mm VAS: P < 0.05) after consumption of
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FIGURE 1. Mean (::SEM} change (A} in hunger of the total group (n =
30) and in men (r = |5) and women (r = 15) separately as a function of
preload condition (study 1), There was a signiicant fime-by-treatment-by-
sex imteraction, £ < 0.05 (multivariate ANOVA). *Sipnificamt difference
between the diet preload and the sucrose- and high-fructose corn syrup
{HFCS}~containing prefoads and the milk preload, £ < 0.05 {repeated-
measures ANOV A} TSignificant difference between the diet preload and the
sucrose- and HRCS-containing preloads, P < 0.005 (ANOVA). “Significant
difference berween the sucrose- and HFCS-containing preioads, P < .03
(2-tailed paired Student’s 1 test).

the preload containing sucrose compared with the prejoad contain-
ing HFCS. Thas. the adequate moment in time o serve the test meal
i study 2 was 50 min, as underscored by the significant treatment-
by-sex inferaction at 50 min (P << 0.05). Differences in VAS ratings
between treatments differed by sex. This moment in time was not
supported by differences in concentrations in GLP-1, ghrelin, insu-
Iin, or glucose relative to baseline, as lustrated in Figure 2. How-
ever, changes in VAS ratings relative to baseline were a function of
changes in concentrations of the hormones GLP-I, ghrelin, and
insulin relative to baseline values (Table 4). Stepwise multiple
linear regression analysis of VAS appetite ratings showed that
change in GLP-1 (r = —0.242, P = 0.014) and insulin (r = —0.239,
P = (1.029) independently predicted changes in satiety. Moreover,
ghicose and insulin concentrations were related after preload
consuwmption, as expected, and GLP-1 and ghrelin concenira-
tions were related fo insulin concentrations. GLP-1 and ghrelin
concentrations were not related 1o each other (Tabie 4). Further-
more, the determination of the adequate moment in time to serve

the meal in stady 2 was underscored by the decrease in glucose

concentrations (Figure 2).

Energy-containing preloads compared with the diet
prefoad

Meal size and energy intake were significantly lower after
consumption of preloads containing sucrose or HFCS or the milk
preload than after the diet preload (Table 5). This finding was
supported by the significantly higher GLP-1 and insulin concen-
trations (Figure 2; P < 0.001) and the significantly lower ghrelin
concentrations (Figure 2; P < (.05} and hunger (Figure 11 P <<
0.05) after the energy-containing preloads than after the diet
preload. Thus, less energy was consumed after consumption of
an energy drink than after a drink designed to not defiver energy.
Total energy intake (preload + meal) with the energy-containing
preloads was significantly higher than total energy intake with
the diet preload (Table 5). Therefore, during the meal, energy

SOENEN ET AL .

intake was only partly compensated for. Comnensation for en-
ergy intake from the preioads containing sucrose, HFCS, or milk
did not differ significantly (Table 3) and ranged from 30% to
45%, Energy consumed after preloads, compensation, and over-
consumption differed significantty between men and women (P
< (0,01}, This sex difference was supported by the significant
time-by-sex interactions for glucose and GLP-1 concentraiions
(P <2 0.01). Compared with wornen, men had lower GLP-1 con-
centrations atbaseline (F < 0.05) and a smaller change in GLP-1
concentraticn from baseline after preload consumption (P'<
(.01). Appetite ratings after drink consumption decreased sig-
nificantly more in women than in men {P < 0.05), Decreases in
hunger scores were not different between the 4 conditions after
ingestion of the meals.

Compensation after the energy-containing preloads was a func-
tion of the magnitude of change in satiety scores from baseline (r =
0.350, P = (0.023). In the mer, overconsumption after the preload
containing sucrose (r = —(.934, P = 0.020) or milk {r = —0.999,
P < 0,001} was a function of the magnitude of change in satiety
scores from buseline; after the preload containing HIFCS, this rela-
tion was not observed. Hunger ratings were significantly more sup-
pressed at each time point after the milk preload than after the diet
prefoad (P < 0.05). The change from baseline in GLP-1 concentra-
tions was significantly larger (P << 0.05) 30 min after the milk
preload (3.6 & 3.4 prool/L) than after the preloads containing su-
crose {2.1 = 2.3 pmol/L) or HFCS (2.1 % 3.3 pmol/L). In men, this
difference was observed at each fime point (P << 0.09).

Furthermore, compensation and satiety (- = 0.412, F << 0.03)
were positively related to change in pleasantness of taste after the
preload containing sucrose (the greater the suppression in pleas-
antmess of taste, the larger the satiety and compensation}, as
shown in Figure 3. Accordingly, plasma glucose concentrations
were significantly higher over time after the drinks containing
sucrose or HFCS than afterthe milk or diet preloads (P < 0.001).
Moreover, plasma glucose concentrations were linearly related
to the content of glucose of the preloads (- = G.581, P < (0.001).

DISCUSSION

Do the satiation effecis of isocaloric isovolumeltric sucrose- or
HFCS-centaining preloads differ from those of rilk as measured on
the basis of VAS {(in mm) or GL.P-1 or ghrelin responses? The
merease in satiety from baseline as AUC did not differ significantly
between the sucrose, HFCS, or milk preload. Furthermore, satiety
was expressed 4s compensation or overconsutiption during the next
meal; no significant differences between the different preloads were
observed. From these observations we concluded that there are no
differences in the satiety or energy balance effects of isovolumeiric
sucrose- of HFCS-containing preloads or milk.

Subsequently the mechanisms underscoring the increases in
satiety were revealed. Although no differences in satiety wers
observed, the mechanisms underlying satiety due to sucrose- or
HRECS-containing drinks or milk were different and were related
to evoking different increases in satiety hormone concentrations.

No significant differences in energy intakes or in total energy
consumed were observed 30 min after consumption of the
1.5-MJ (800 mL} drinks containing sucrose or HFCS. Also, en-
ergy intake after the isoenergetic isovolumetric milk preload did
not differ from that after the sucrose or HFCS drinks. Similarly

2002 ‘0L foquwesa(] uo 1sand Ag Biousle mmm wioy} papeojumoe(]




inical Nulrition

SOFT DRINK INTAKE, SATIETY, AND COMPENSATION 1591

L Men o Women Men
ny owp e "y 't 1
- o SO -
& ~#HFCS =
g e Ml g
& o Light =
T I
& .
v w
- =
1)
130 Women Men
£ ¥ b ¥ 4 - § 9
b
g =
24
= 4
3 T s
£
— £
E 5. *
= .
# G
E _% i
-1
) " Tinne, (i
ot el k [ -t
] Fiewvas{einy
i s

FIGURE 2. Mean (£ SEM) change (4) in glucagen-fike peptide 1 (GLP-1), ghrelin, insulin, and glucose of men (n = 15) and women {n = 15) as a function
of prefoad condition. A: *Significant difference between the diet preload and the sucrose- and high-fructose com syrup (HFCS)-containing preloads and the
milk preload, P < 0,005 (ANQVA). "Significant difference between e milk preload and the sucrose- and HFCS-containing preloads, P < (.05 {ANOVA),
significant ime-by-lreatment interaction between the diet preload and the sucrose- and HFCS-containing preloads and the milk preload. P < 6.001 (repeated-
measures ANOVA); significant time-by-sex interaction, P <Z0.01 (repeated-measures ANOVA}. B: "Significant difference hetween the diet pretoad and the
sucrose- and HFCS-containing preloads, £ < 0.05 (ANOVA); significant time-by-treatment interaction between the diet preload and the sucrose- and
HFC8-containing preloads, P < 0.05 (repeated-measures ANOVA], the time-by-sex interaction was not significant (repeated-measures ANOVA), C:
*Significant difference between the diet pretoad and the sucrose- and HFCS-containing preloads and the mitk preload, P < 0.001 (ANOQVA), "Significam
difference between the milk preload and the sucrose- and HPCS-containing preloads, P < 0.05 (ANOVAY; significant time-by-#reatinent interaction between
the diet preioad and the sucrose- and HFCS-contaming preloads and the milk preload, P < 0.001 {repeated-measures ANOVA); the time-by-sex interaction
was not significant (repeated-measures ANOVA). D: *Significam difference between the diet and the milk preloads, £ < (.05 (ANOVA}. "Significant
difference between the milk preload and the sucrose- and HFCS-containing preloads, P < 0.001 (ANOVA). "Significant difference between the diet preload
and the sucrose- and HRCS-containing preloads, P < 0.001 {ANOV A}, significant time-by-treatment interaction hetween the dies prefoad and the sucrose- and
HFCS-containing preload, P < 0.001 (repeated-measures ANOV A); significant ime-by-treatment interaction between the milk preload and the suerose- and
HFCS-containing preload, P < 0.001 (repeated-measures ANOVAY); significant time-by-sex interaction, P << {.01 {repeated-measures ANQOVAS.

t our observations, a previous study found no significant dif-
ferences between the effects of cola or chocolate-milk consump-
tion (0.9 MJ, 500 mL.) with ad libitum intake 30 min later, despite
significantly greater satiety 30 min after the chocolate milk (36)
or in subsequent meal compensation 135 min after preloads
{1.036 MJ, 590 mL,) of cola, orenge juice, and milk retative to
sparkfing water (37), As uvsuval, energy intake including the
energy-contzining preloads was higher than total energy intake
including the diet preload, despite the smaller consumption dur-
ing the subsequent meal. Thus, subsequent energy inteke only
partly compensated for the energy delivered by the preloads; ie,
for 45% with the sucrose-containing preload, for 42% with the
HFCS-containing preload, and for 30% with the milk preload, all
compared with energy hstake afier the diet preload. So, consump-
tion of an energy-containing prelozd followed by a meal at 50

min led to overconsumption compared with a diet preload and
subsequent meal. Previeusly, consumption of a 1.26-MJ high-
fructose-ghicose mixure (80 -20%) was compensated with 2%
of the meal consumed 60 min after preload, which was not dif-
ferent from that of an equisweet sucrose drink with 42% com-
pensation {38). In conclusion, on the basis of these studies, sub-
sequent energy intake did not differ significantly 30-135 min after
a0.9-1.5-Ml preload containing sucrose or HFCS oramilk preload.
Therefore, in general, the effects of energy balance are positive, yet
not different between different energy containing drinks.

A sex effect was observed in VAS ratings, energy intake, and
energy compensation and overconsumption. A possible expla-
nations for these sex differences was the different responses in
GLP-1 and glucose when preloads of the same size were offered.
Previous studies support these higher concentraiions in women
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TABLE 4

Saticty [change in area under the curve (AAUC)] as a function of the
hermones glucagon-like peptide 1 (GLP-1) ghrelin, and insulin (AAUC)
and correlations between GLP-1. ghrelin, and insulin (AAUC) and glucose
(AaUCy

GLP-1 Ghrelim Insulin

Prejoad r F r r r P
AP

Satiety (.253 <001 - -— (.241 <105
Sucrose® 0.382 <005 —_ - 0370 <0.05
HFCS? 0428 <005 0407 <005 — —
Milk™ — - (1.423 <0.05 — -
Diet’ — —_ - — — —_

AP :

GLP-1 e — — e — —

Ghrelin —_ e — —_ — —_—

Insalin 0.36 <0001 =0.1¢ <0.05 — e

Glucose —_ [ —-0.22 <(.03 049  <0.001

T HFCS, high-fructose com syrup.
% 1 for all preloads was 120
# i for each preload was 30,

(39, 40). Obviously, the preloads that were consumed by the men
represented a smaller part of energy requirement than the pre-
inads consumed by the women. Moreover, sex differences in
water turnover may play arole (41) because it has been suggested
that the increased energy intake affer drinks may have beea
derived from physiologic mechanisms giving priority to quench-
ing thirst (42). The preloads suppressed thirst equally, signifi-
cantly more in women that in men however,

Are different mechanisims responsible for the satiety achieved
after sucrose- or HFCS-containing preloads or a milk preioad?
Consumption of the preloads containing sucrose or HFCS caused
similar changes in plasma concentrations of the hormones
GLP-1, ghrelin, and insulin and of glucose. Also, leptin concen-
trations did not differ after consumption of either sucrose or

TABLE 5
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FIGURE 3. Compensation after the sucrose-containing preload in men
and women (n = 14) as a function of the area under the curve (AUC; 0-50
min} of pleasantness of taste, Compensation = energy intake from diet —
energy intake after any preload as a percentage of the preload. VAS, visual
anajogue scale.

HFCS (43}. The increase in satiety was underscored by the in-
crease in GLP-1 with the sucrose- or HFCS-containing preloads,
but not with the milk preload. Because satiety did not differ
between energy-containing preloads, it may well be that other
satiety hormones such as peptide YY3-36 and cholecystokinin,
which were not measured, supported the milk-induced satiety.
Satiety after the sucrose-conwining preload was also under-
scored by the increase in insuim and satiety after the HFCS-
containing preload by the decrease in ghrelin. The changes in
VAS ratings of the appetite profile were supported by the
changes in the concentrations of the hormones GLP-1, ghrelin,
and insulin and glucose. Stepwise regression showed thaf satiety
was primarily related to increases in GLP-1 concentrafions and
secondarily to insulin concentrations. Thus, sucrose and HFCS
likely trigger GLP-1 release, which may have triggered insulin
release and a related increase in satiety.

Energy intake from the meal and from the meal + preload, enesgy compensation, and energy overcansumption’

Total energy inake

Meal size? ¢{preload + mealy® Compensation® Overcansumption®
df k¥ % Y

Sucrose-containing, preload

Women 1742 = 730° 3215 + 730° 371 37° 53 £ 53

Men 2372 = 794 3845 + 794 53 447 28+ 30
HFCS-containing prefoad

Women 1873 £ 8687 3347 + 868° 28 & 400 57 + 50°

Men 2335 + 786 3808 + 786 55 % 54 29+ 34
Mitk preload

Women 1945 + 756° 344] + 756° 24 = 42°¢ 64 + 60°

Men 2626 + 880 4122 = 880 36 £ 355 37 4 34
Diet preload

Women 2290 & 773¢ 2292 & 773¢

Men 3148 = 984 3150 + 984

1 AN values are ¥ + SD; n = 40. HFCS, high-fructase corn syrup. The treatment-by-sex interaction was not significant (muitivadate ANOVA).
>4 Significant difference between the diet preload and the other 3 preloads (ANOVA)Y: 7 P < 005, 7 P < 0.001.

* Compensation = energy imake from the diet — energy intake after any preload as a percentage of the preload.

7 Overconsumption = iotal energy intake from the diet — total energy intake after any preload as a percentage of the preload.

% Significantly different from men, P < 0.05 (ANOVA).
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On the other hand, satiety and compensation after the preload
containing sucrose correlated with change in pleasantness of
taste. Individuals do not eat solely based on hunger, taste is
another reason for eating a specific food, and a decrease in pleas-
aniness of taste is often given as a reason for terminating or
reducing food intake. Therefore, the less sweet. refreshing, and
pleasant milk preload may have contributed to incomplete com-
pensation at the subsequent meal. Furthermore, high glyceniic
carbohydrates have been shown to be associated with a reduced
appetite and food intake in the very short term (eg, 1 b, whereas
lower glycemic carbohydrates showed 2 more delayed effect on
the perception of satiety (eg, 2-3 b) (44, 45). We found a linear
refation between the glucose content of the preloads and AUC
plasma glucose concentrations. The glycemic indexes (GIs) of
the monosaccharides glucose, fructose, and lactose are 99, 19,
and 46, respectively (46). The GI of sucrose is 68 (46) and of
HFCS 15 73 {47) and 68 (48). The glucose concentrations peaked
at 30 min and dropped below baseline at 60 min after the carbo-
hydrate preloads and remained low until the end of the experi-
ment. The same pattern of an initial steep increase in plasma
glucose and insulin concentrations followed by arebound effect,
which stimulates hunger and food intake, has been found in
several studies (16, 17, 32, 49-56). Thus, a rapid rise in blood
glucose and a large insulin response stimulates peripheral ghu-
cose uptake to such an extent that the blood glucose concentra-
tion falls below the fasting concentration. Therefore, the fower
GI of mitk, full-fat milk (GI: 27), and skim milk {GL: 32) (46).
may have coniributed to its satiety effect.

Is satiety after sucrose~ or HECS-containing preloads influ-
enced by #s biochemical properties? The carbohydrate sucrose is
a disaccharide and consists of one molecule of glucose and one
molecule of fructose, which are not available for absorption until
sucrose is hydrolyzed by intestinal brush-border enzymes.
HFCS, on the other hand, contains glucose and fructose in their
monosaccharide forms, which gives the solution a higher os-
motic pressure. In soft drinks, however, a proportien of the su-
crose is hydrolyzed into giucose and fructose by the acidic pH
before the drinks are consumed. Fructose is passively absorbed in
the duoderum and jejunum by & GLUT 5 transporter, which has
a smaller absorption capacity than does the actively sodium-
dependent hexose transporter, which absorbs ghucose in the du-
odenum {57-59). However, there is a more complete and faster
transport accompanied by a decrease in malabsorption when
fructose is consumed in combination with other carbohydrates
{20, 21). Both the differences in duration in the intestines and in
the osmotic pressure of glucose and fructose could influence
satiety differently, Furthermore, glucose triggers glucose sensors
int the central nervous system involved in the regulation of food
intake (60). Fruciose, however, does not cross the blood-brain
barrier (61). Fructose could trigger satiety by its oxidation {62},
sreater thermogenis response {63—65), and rapid metabolism in
the Tiver {61). The liver is sensitive to its own metabolism and
signals to the brain via the vagus nerve to inhibit the central
contrel for meal initation (61). Thus, glucose and fructose in
sucrose- or HFCS-sweetened drinks contribute to satiety through
different biochemical mechanisms.

In summary, a 1.5-MJ preload containing sucrose or HFCS or
a milk preload did not affect energy intake differently 50 min
later, Differences in satiety were absent despite different mech-
anisms wndertying satiety due to sucrose- or HFCS-containing
drinks or milk. Sucrose and HFCS triggered GLP-1 reiease,

which triggered insulin release and a related increase in satiety.
The different responses in GLP-1, glucose, and thirst when pre-
loads of the same sizes were offered could explain the sex effect
that was observed in VAS ratings, energy imtake, and energy
compensation and overconsumption. Obviously, the preloads
that were consumed represented a smaller part of the energy
requirement in men than in wornen.

On the basis of partial compensation for and overconsumption
due to the energy-containing preloads, a long-term study 1o as-
sess the effect on body weight regulation would be a necessary
follow-up. The question remains whether, in the long-term, this
partial overconsumption of =40-50% of the meal, amounting to
1 M1, will accumulate. If no other long-term compensating
mechanisms occurred, an increase in body weight over time of
=z} kg over 1 mo would occur. Here, an additional 30 MJ ac-
counts for a gain in body weight of T kg {66). To confirm this
hypothetical approach or to find fong-term compensating mech-
anisms, a well-controlled long-term study would be necessary.

In conclusion, despite differences in the biochemical propes-
ties of preloads contaimng sucrose, HFCS, or milk and differ-
ences in the mechanisms underlying satiety in relation to GLP-1
release and ghrelin release, no differences in satiety, compensa-
tion, or overconsumption were observed.,
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Pablo Monsivais, Martine M Perrigue, and Adam Drewnowski

ABSTRACT

Background: Widespread use of high-fructose corn syrup (HFCS)
in beverages has been linked io rising obesity rates. One hypothesis
is that HFCS in beverages has littie satiating power.

Objective: The objective of the study was to compare the relative
effect of commercial beverages containing sucrose or HFCS on
hunger, satiety, and energy intakes at the next meal with the use of 2
within-subject design.

Design: Thirty-seven volunteers (19 men, 18 women) aged 20-2%9y

consumed isocaloric cola beverages (215 keal) sweetened with su-
crose, HFCS 42, or HFCS 55. HFCS 42 contains 42% fructose, and
HECS 55 contains 55% fructose. Diet cola (2 keal), 19-fat mitk (215
kcal}, and no beverage were the control conditions. The 5 beverages
. were consumed at 1010 (2 h after  standard breakfast). Participants

rated hunger, thirst, and satiety at baseline and at 20-min intervals -

after ingestion. A tray lunch (1708 kcal) was served at 1230, and
energy intakes were measured. The free sugars content of sucrose-
sweetened cola was assayed at the time of the study.

Results: We found no differences between sucrose- and HFCS-
sweetened colas in perceived sweetness, hunger and satiety profiles,
or energy intakes at Junch. The 4 caloric beverages tended to partially
suppress energy intakes at Junch, whereas the no-beverage and diet
beverage conditions did not; the effect was significant (P < 0.05)
only for 1%-fat milk. Energy imtakes in the diet cola and the no-
beverage conditions did not differ significantiy.

Conclusion: There was no evidence that commercial cola beverages

sweetened with either sucrose or HFCS have significantly different
effects on hunger, satety, or short-term energy intakes. Am J
Clin Nuir 2007;86:116-23.

KEY WORDS Beverages, sucrose, fructose, high-fructose
corn syrup, HFCS, sweemness, hunger, fullness, satiety, energy
intakes

INTRODUCTION

The introduction of cormn sweeteners into the US food sopply is
said to have contributed to the current obesity epidemic (1-3).
High-fructose comn syrup (HFCS) began to replace sucrose in soft
drinks at approximately the same time that obesity rates in the
United States began their sharp increase (2, 4). However, tem-
poral parallels between HIFCS consurnption patterns and body-
weight trends are not sufficient to show causality. Obesity has
also increased sharply in countries where beverage consumption
is lower than in the United States and HFCS is not 2 common
sweetener (5),

One of the criteria forestablishing causality in evidence-based
medicine is a biologically plausible mechanism. Attempts to

establish a cavsal link between soft drink consurnption and rising
obesity rates have therefore relied on the notion that caloric
beverages in general (6), and HFCS-sweetened beverages in
particular (2, 7), lack satiating power. Research reports have
suggested that liquids were less satiating than were solids (B);
that sugars were less satiating than was either protein or fat (9);
and that HFCS blunted the satiety response more than did other
sweeteners (2, 10, 11). The metabolic and endocrinologic pro-
cesses associated with the ingestion of free fructose have featured
prominently in arguments that HFCS-sweetened beverages are
the principal culprit in the obesity epidemic (2, 6, 7).

However, satiety-related arguments based on the ingestion of
pure fructose or fructose-rich stimuli (12, 13) may not apply to
sweetened beverages, given that the 2 most common forms of
HECS—HFCS 35 and HFCS 42—contain 55% and 42% free
fructose, respectively, and the remainder is free glucose. Fur-
thermore, the sharp distinctions made between HFCS-sweetened
and sucrose-sweetened beverages (2, 14) may be incorrect. The
low pH of carbonated soft drinks favors the breakdown of su-
crose into free glucose and free fructose before consumption
(15}, and the rate of hydrolysis is dependent on storage variables,
temperature, and time (16). Perhaps most important, the short-
term satiating power of foods antd beverages may have Little todo
with the long-term regulation of body weight (13, 17).

The present stndy was a direct test of the hypothesis that
HFCS-sweetened carbonated soft drinks differ significantly
from sucrose-sweetened soft drinks and from low-fat milk in
their effect on satiety. Aiming to approximate naturalistic con-
ditions of soft drink use, we compared the effect of commercially
available cola beverages, sweetened with sucrose or with 2 types
of HFCS (HFCS 42 and HFCS 55), on hunger, satiety, and energy .
intakes (EIs) at the test meal. Because so much has been made of
the metabolic differences between free fructose and fructose
bound within disaccharide sucrose molecules (2, 14), we sent
samples of the sucrose-sweetened beverage 1o be analyzed for
free sugars content at the time of the experiment.
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SUBJECTS AND METHODS

Participants

Thirty-seven participants (19 M, 18 F) aged 20-29 y were
recruited at the University of Washington with the use of adver-
tisements and flyers. A telephone-administered screening inter-
view was used to verify eligibility criteria. Eligible participants
were normal-weight to overweight [body mass index (BMI; in
kg/m?): 1830}, regularly consumed breakfast, did not smoke,
and were not following a diet to gain orlose weight. Persons with
food allergies or food restrictions; those who disliked =2 of the
foods or beverages in the study; those taking prescription med-
ications that were likely to affect taste, smell, or appetite; athletes
in training; pregnant or lactating womer, and persons reporting
recerit weight loss or weight cycling were excluded. Potential
candidates were invited to report to the laboratory for a brief
session, during which their weight and height were measured.
The Eating Disorder Inventory (18) and the cognitive restraing
subscale of the Eating Inventory (19) were administered 28
screening instruments to exclude persons with indications of
eating disorders or restrained eating patterns. Persons who met
all eligibility criieria were invited to participate and were given
a rerminder card stating the dates and times for the study sessions,
To minimize variability, each participant was asked to report'to
the laboratory on the same day of the week throughout the study,
to keep evening meals and activity levels on the day before each
test as similar as possible, to refrain from drinking aicohol the day
before each test, and to have a standardized breakfast at =~0800
on the momings when they were scheduled to have 2 test. The
participants’ standardized breakfasts were consumed at home and
were composed of specified servings of hot or cold cereals with milk
along with-a medium-sized apple, orange, or banana or a specified
serving of low-fat yogurt along with 2 medinm-sized fruit.

All participants provided written informed consent. The study

protocol was approved by the Institutional Review Board at the
University of Washington. All 37 subjects completed the study
and were compensated for their time.

Study design

The study followed a repeated-measures within-subject de-
sign, in which each participant returned for 6 separate {est ses-
sions. The sessions lasted from 0930 to 1310 and were spaced at
least a week apart. The order of presentation of the 5 preloads and
the no-beverage condition was counterbalanced. The same kunch
foods were offered on all 6 testing occasions. The magnitude of
the energy manipulation (0 or 215 keal) was based on a review of
previous studies in this area (20). Power analysis indicated that,
with a power of 80% and an alpha of 0.05, a sample of 35 subjects
was sufficient to detect a minimum difference of 150 kcal in
compensation (21).

Beverage stimuli

The 5 beverages were cola sweetened with HFCS 42 (Sam’s
Choice Cola; Cott Beverages, Toronto, Canada), cola sweetened
with HFCS 55 (Coca-Cola Classic; Coca-Cola Co, Atlanta, GA),
cola sweetened with sucrose {Coca-Cola Classic), cola sweel-
ened with aspartame (Diet Coke; Coca-Cola Co), and 1%-fat
milk (Darigold; Wesfarm Foods, Seattle, WA). All preload bev-
erages with the exception of the diet cola {2 keal} were isoener-
getic {894 kJ or 215 keal) and of comparable sweetness, but they

TABLE 1
Energy and macronutrient composition of the preloads’
Sugar
composition
{froctose/ Energy
Preload giucose)  Sugars Protein Fat Serving Energy density
%/%e - 4 g g mL kecal  keallg
HECS 42 458 513 00 00 475 214 045
HFCS 55 55045 51.7 60 00 525 213 044
Sucrose 50/50 54.7 00 0.0 525 213 044

Aspartame 6/0 0.0 0.0 00 475 2 000
1%-fat Milk o/50° 272 167 52 495 213 043

1 HFCS 42 ané HECS 55, High-fructose com syrup-sweetened cota
containing 42% and 55% fructose, respectively; sucrose, sucrose-sweetened
cola; aspartame, aspartame-sweetened cola, Data were from ESHA software
(FOOD PROCESSOR version 8.1; Salem, OR) and manufacturers’ specifi-
cations. :

2\ actose in milk is a disaccharide made up of 1:1 glucose: galactose.

differed in sugar composition. To keep both sweetness and en-
ergy constant, the preload volume was allowed to vary within
natrow limits (from 475 to 525 mL.). The composition and en-
ergy density of the 5 beverage preloads are shownin Tablel. All
beverages were coded and were served chilled, without ice, in
opaque containers with a lid and a straw. Participants were asked
1o consume the entire amount within 15 min.

Samples of the sucrose-sweetened beverage were analyzed at
regular intervals during the data collection phase. The analyses,
conducted by the Analytic Chemistry Department of the Coca-
Cola Company, used samples from the same production run (25
May 2005) of Coca-Cola Classic and were conducted at the same
time as the data collection phase of the present study.

Motivational ratings and hedonic evaluations

Participants used computerized, semi-anchored visual ana-
logue scales (VASs) torate their hunger, fullness, thirst, nausea,
and desire {o eat. The VAS software was custom-written by using
the LABVIEW graphic programming software {version 6.1; Na-
tional Instruments, Austin, TX) that was running on 10 identical
Macintosh G3 computers (Apple Computers, Cupertino, CA).
Motivational scales were presented one at a time (ie, one scale per
screen) on the computer monitor. Bach participant used 2 mouse
to position a cursor along the 100-mm bar displayed on a fiat-
panel LCD computer monitor. The VAS bars were anchored at
each extreme with the labels “notatall . . .” and “extremely . .
(22). A semi-anchored VAS was also used for quantifying sev-
eral sensory and hedonic attributes of each beverage. Each sen-
sory attribute scale also was anchored with the labels “notatall.”
and “extremely . . .”. Hedonic ratings and ratings along 11 sen-
sory atiribute scales were obtained for each beverage.

Test meal

A tunch mea! served on a tray was provided at 1230, Identical
meals were provided on each occasion. The set meal was 7320%J
(1708 keal) and inctuded 2 variety of foods, both savory and
sweet. Each lunch consisted of a selection of 2 grains, 2 types of
{ruit, 2 vegetables, 2 cheeses, 2 meats, 2 candies, 1 yogurt, 1 ice
cream cup, hummus, chips, and water. A large cup containing
591 mL (20 1 oz) still water was provided with the test lunch.
Participants were told that they could have as much or as little a5
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TABLE 2
Energy and notrient composition of foods provided at Junch?
Food Carbohydrate Protein Fat Sugar Fiber Portion Energy
g g F4 g g kcal
Reduced-fat crackers 21 3 3 3 7 pieces 120
Pita bread 36 7 2 1 3 1 piece 190
Banana, medium-sized 267 1.2 0.6 i.8 1 piece 105
Apple slices 8 G 0 6 ' 0 1 bowl 35
Baby carrots 9 1 0 & 2 1 bowl 38
Sugar snap peas 7 2 ) 3 2 1 bow! 40
Cheddar cheese 0 3 7 0 0 1 slice 90
Havarii cheese 0 6 10 o 0 1 slice 110
Yogurt (99% fat-free) 33 5 1.5 27 0 1 pack 170
Ham 2 10 1 2 0 2 slice 60
Turkey 0 20 1 o 0 2 slice 90
Hurmus 24 8 16 ¢ 0 8thsp 240
Chocolate candies 15 i 4.5 13 1 I pack 100
Marshmallow snack bar 18 1 2 8 0 1 pack 9
Potato chips 12 1 10 4] ¢ 1 pack 140
Vanilla ice cream and orange sherbet blend 15 1 3 13 ¢ 1 pack 20
Totals 267 722 61.6 7% 12.8 — 1708

! Information was obtained from the food label or ESHA software (FOOD PROCESSOR version 8.1; Salem, OR).

they would like of any food or water and that they could request
unlimited additional portions. All foods and water were weighed
at the time of serving, Plate waste was collected and weighed by
the experimeniers. Food energy and nutrient values were calcu-
lated with FOOD PROCESSOR software (version 8.1; ESHA
Research, Salem, OR) and from the manufacturer’s food labels.
The nutrient composition of the meal is shown in Table 2.

Procedures

Participants were asked o consume a standard breakfast at
home starting at 0800. They arrived at the laboratory at (0930 and
were seated in separate cubicles. They remained there for the
duration of the session and were allowed to read, listen to music

with earphones, or use their portable computers. They were al-

lowed to leave the room briefly to stretch or use the restroom,
Participants were 2lso asked to record all foods and beverages
they had consumed for breakfast earlier that morning and 1o note
the time of consumption. Motivational ratings were first obtained
10 min after arrival (baseline or time 0) and every 20 min there-
after until lunchtime (times 1 through 8). The preload was pro-
vided in the laboratory at 1010, and Junch was provided at 1236.
The last set of ratings was obtained after lunch (time 9), after
which participants left the laboratory.

Data analyses and statistical tests

We used SPSS for WINDOWS sofiware [version 11,1 (23)]
for all analyses. Normality was determined by the Kolmogorov-
Smimov test (normal if P > 0.05). Analyses of motivational
ratings used a nested repeated-measures analysis of variance
(ANOVA) with beverage type and time after ingestion (times
2—8) as the within-subjects factors and sex as the between-
subjects factor. Analyses were conducted for all 6 conditions
together and separately for the 3 sweetener conditions (sucrose,
42% HFCS, and 55% HFCS) and the 3 comparison conditions
(aspartame, 1%-fat milk, and no beverage). Univariate tests of
within-subject effects were subject to Huynh-Feldt correction

when the sphericity assumption was violated, Bonferroni-
adjusted pairwise comparisons were made when ANOV As were
significant. Because there were no significant main effects or
sex-related interactions (P > 0.05 for all tests), the data were
combined by sex for each beverage condition. Analyses of Els
and the weight of foods and water consumed at lunch used a
repeated-measures ANOVA with beverage type as the within-
subject factor and sex as the between-subjects factor. The
strength of the association between prelunch (time §) appetite
ratings and energy or water intakes at lunch was tested by using
Pearson’s comrelation coefficients. Prelunch appetite ratings
were computed by averaging 3 proxies for appetite according to
a method similar to that of Anderson et al (11); hunger, desire 1o
eat, and the inverse of fullness (ie, 100 — fullness). Sweetness
intensity and hedonic ratings were analyzed by repeated-
measures ANOVA,

RESULTS

Participants snd beverage stimuli

Mean {£SD) age was 226 = 40y formen and 23.4 £ 2.8y
for women. Mean body weight was 77.5 % 10.7 kg for men and
60.2 + 9.1 kg for women. Body mass index (BMI; in kg/m?)
values were 23.4 = 1.8 for men and 21.9 & 2.7 for women,

Analysis of sweetness ratings for the 4 ¢ola beverages found a
significant (F; oo = 11.1, P < 0.001) main effect of beverage
type. However, that was entirely due to the aspartame-sweetened
cola, which was perceived as significantly less sweet than the 3
sugar-swestened colas (£ < 0.01 for all 3 comparisons). Cola
beverages sweetened with sucrose, HFCS 55, and HFCS 42 did
not differ significanily in perceived sweetness ratings. Milk (1%
fat) was not perceived as sweet. All 5 beverages (including milk)
were rated as equally palatable by the participants. The analysis
of hedonic preference ratings showed no significant main bev-
erage effect (Fy, 5, = 2.5).
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FIGURE 1. Temporal profiles of mean hunger ratings as & function of preload condition for control beverages {left) and sugar-sweetened carbonated
beverages (right). n = 37. VAS, visual anatogue scale; HFCS 42 and 55, high-fructose com syrup containing 42% and 55% fructose, respectively. The
no-beverage control was associated with higher hunger levels than were the milk and aspartame-sweetened diet cola controls (P < 0.005), and the beverage

% time interaction was significant (P < 0.005). Hunger ratings for the 3 sugar-

Metivational ratings

All 5 beverages (caloric and not) led to lower hunger ratings
during the initial 20 min after ingestion than were seen in the

no-beverage condition. Repeated-measures ANOVA showed .

significant main effects of both beverage type and time and 2
significant beverage X time interaction (P < 0.001 for all).
Separate analyses were then conducted for the 3 colas and the 3
comparison conditions.

The time course of energy and volume effects on short-term
hunger is shown in Figure 1 (left). In the first 60 min after their
ingestion, equal volumes of 1%-fat milk and noncaloric diet cola
had comparable effects on perceived hunger. However, hunger
ratings rose more rapidly in the diet cola condition than in the
milk condition, and a separation in hunger ratings was visible
before lunch. ANOVA found 2 significant (P < 0.001) main
effect of beverage type and a significant (P < 0.005) beverage X
time interaction.

gweetened beverages did not differ significantly.

In contrast, the 3 sugar-sweetened cola beverages, although
different from the no-beverage condition, did not differ signifi-
cantly from each other (Figure 1, right). There was no significant
main beverage effect or beverage X time interaction.

ANOVA of fullness ratings found significant main effects
of beverage type and time (P < 0.001 for both) and a sig-
pificant beverage X time interaction (P < 0.005). As shown in
Figure 2 (left), milk and diet cola had different effects on full-
ness ratings, depending onthe time after ingestion. The beverage
effect and the beverage X time interaction were stgnificant (P <
0.01 for both). In contrast, the sucrose- and the HECS-sweetened
colas differed significantly (P < 0.001) from the no-beverage
condition but not from each other. The beverage X time inter-
action was not significant (Figure 2, right).

Analysis of the desire-to-eat ratings found significant main
effects of beverage type and time (P < 0.001 for both) and a
significant beverage X time interaction (P < 0.01). Itcan be seen
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FIGURE 2. Temporal profiles of mean fullness ratings as a function of preload condition for control beverages (left) and sugar-sweetened carbonated
beverages (right). »n = 37, VAS, visual analogue scale; HECS 42 and 35, high-fructose corn §yrep containing 42% and 55% fructose. respectivety. The
no-beverage control was associated with significantly lower fullness ratings than wera the milk and aspariame-sweetened diet colacontrols (P < 0.001 forbath).
Diet cola was associated with significantly |ower fubiniess ratings than was milk (P < 0.03), and the heverage X time interaction was significant (P < 0.01).
Fuliness ratings for the 3 sugar-sweetened beverages did not differ significantiy.
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FIGURE 3. Temporal profiles of the mean desire to eat as a function of preload condition for comroi beverages (left) and sugar-sweetened carbonated
beverages (right). n = 37. VAS, visual analogue scale; HFCS 42 and 35, high-fructose com symp containing 42% and 55% fructose, respectively. The
no-beverage control was associated with a significantly greater desire to eat than were the milk and aspartame-sweetened diet cola controls (P < 0.005), and
the beverage X time interaction was significant (P < 0.05). Desire-to-eat ratings for the 3 sugar-swestened beverages did not differ significantly.

in Figure 3 (left) that 1%-fat milk and diet cola had different
effects on the desire to eat, depending on the time after ingestion.
The effect of beverage type was significant (£ < 0.0601}, as was
the beverage X time interaction (P < 0.05). Again, the sucrose-

and the HFCS-swsetened colas did not differ significantly from -

each other (Figure 3, right).

Amnalysis of thirst ratings (Figure 4) found significant main
effects of beverage type and time (P < 0.001 for both). The
beverage X time inieraction also was significant (P < 0.01).
Subjects in the no-beverage condition reported significantly
higher thirst ratings than did those in the other 5 conditions (P <
0.05 for all comparisons). The 5 beverages did not differ signif-
icantly from each other in thirst ratings. Participant navsea rat-
ings did not vary significantly by preload condition, and nausea
did not vary significantly as a function of time.
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FIGURE 4. Temporal profiles of mean thirst ratings as a function of
preload condition for all 6 preload conditions. n = 37, VAS, visuai analogue
scale; HFCS 42 and 55, high-fructose com syrup containing 42% and 35%
fractose, respectively. The no-beverage control was associated with signif-
icantly greater thirst than were the milk and aspartame-sweetenad diet cola
controls (P < 0.001), and the beverage X time interaction was significant
(P < 0.05). Thirst ratings for the 3 sugar-sweetened beverages did not differ
significantly.

Energy and nutrient intakes

For each condition, energy and water intakes at lunch, as well
as the weight of all foods consumed, are shown in Table 3.
Across all 6 conditions, men consumed an average of 1077 keal
at lunch, whereas women consumed an average of 862 kcal.
Whereas this effect of sex on Els was significant (P < 0.005),
the beverage type X sex interaction was not.

The 4 caloric beverages partially suppressed Els at lunch as
compared with the Els in the no-beverage condition. The main
effect of beverage type on Els was significant (P < 0.05). How-
ever, pairwise comparisons showed that the effect wags signifi-
cant only for the 1%-fat milk preload (P < 0.05). Els in the
no-beverage condition and in the diztcola condition did not differ
significantly, which indicated that preload volume had no effect
on Els by the time the test lunch was served (120 min after
preload ingestion),

The combined energy content of the preload and the lunch also
showed significant main effects of beverage type (£ < 0.001).
Pairwise comparisons showed that the 3 sugar conditions did not
differ significantly from each other or from milk. However, alt 4
caloric beverages differed significantly from both the diet cola
and the no-beverage conditions.

Beverage type significantly affected the weight of food and the
amount of water consumed at lunch (P < 0.001 for both). Par-
ticipants in the no-beverage condition consumed significantly
more water at lonch than did subjects in all of the other preload
conditions except for the diet cola condition. The nutrients con-
sumed in association with each beverage condition are shown in
Tabie 4. Beverage type did not significantly affect the mutrient
composition of the lunch meal. Overall, the meals selected and
consumed by the participants provided 51.2% of energy as car-
bohydrate, 17.2% of energy as proteirn, and 32.8% of energy as
fat, The nutrient composition of lunch did not differ significantly
by sex.

Motivational ratings and energy intakes

A composite score of appetite was caiculaied by using the
method of Anderson et al (11). The correlation between appetite
ratings and Els at lunch was significant for women (r = 0.33,
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TABLE 3
Energy and water intakes and the weight of foods and beverages consumed at iunch for each preload condition’
Energy at lanch Volume of water Weight of food at

Preload condition Energy at lunch -+ preload at lunch junch without water

keal mL F
HFCS 42 §7% + 40 1193 £ 407 415+£129 1004 + 447
HFCS 55 969 & 41 1182 + 417 418 £ 27 1003 & 39%
Sucrose 957 % 41 1170 £ 417 427 + 317 1009 + 447
Aspartame 1009 + 39 1011 £ 39 437+ 28 1033 + 40
19%-fat Milk 916 + 437 1126 = 417 423 + 26 961 + 427
No beverage 1008 + 40 1008 £ 41 522 + 36% 1125 4+ 44

" Al values are X + SEM; n = 37. HFCS 42 and HFCS 53, high-fructose corm syrup-sweetened colas containing 42% and 55% fructose, respectively;

Sucrose, sucrose-sweetened cola; aspartame, aspartame-sweetened cola.

2 Significantly different from aspartame and no-beverage conditions, P < 0,05 (Bonferroni-corrected post hoc pairwise comparison),
3 Significantly different from all beverage conditions except aspartame, P < 0,03 (Bonferroni-corrected post hoc pairwise comparison).

P < 0.001) but not for men (r = 0.17, NS). In contrast, the
correlation between prelunch thirst ratings and water consump-
tion at lunch was significant for both women (r = 0.35, P <
0.001) and men (r = 0.2, P < 0.05).

Free sugar content of sucrose-sweetened beverage

The progressive hydrolysis of sucrose in cola beverages over
the course of the study is shown in Figure 5. Each point is based
on the analysis of 3 samples. As sucrose hydrolyzed, its concen-
tration declined from 36% of total sugars on June 30 to just above
10% on August 24, or =3 mo after the beverages were mant-
factured (May 25). Free fructose increased from 32% to ~44%.
Free glucose {not shown) followed the same course as fructose.
During the time of the satiety study (period indicated by the
shaded bar), the principal sugars in the sucrose-sweetened cola
were free fructose and glucose. Dashed reference lines at 50.6%
and 6.4% indicate concentrations of sucrose present in samples
from & separate lot of sucrose-sweetened cola measurad 10 d and
I y after manufacture.

DISCUSSION

‘The argument that HFCS-sweetened beverages play a causal
role in the obesity epidemic (24) rests, in part, on the notion that
free fructose blunts the satiety response more strongly than do
other sweeteners (2, 11, 13). Bray et al (14} made a sharp dis-
tinction between “free” and bound fructose in soft drinks, argu-
ing further that HFCS-containing beverages could “never” have
the same sweetness as sucrose-sweetened ones. ’

TARBLE 4

Macronutrient intakes at lunch’

Preload condition Protein  Carbohydrate Sugar Fat
keal keal keal keal

HFCS 42 165+ 8 507 £ 21 181 11 319 £17

HIFCS 58 169+ 6 503 = 23 174+ 10 310 %16

Sucrose 7t 482 £ 23 173+12 31515

Aspartame 810 504 £ 21 1834+ 10 338 = 14

1%-far Milk 156 £ 10 466 1 22 16l & 12 307+ 15

No Beverage 166 + 10 524 &+ 21 19512 334 X£15

! All values are ¥ # SBM; n= 37 HFCS 42 and HFCS 55, high-fructose
cors syrup-sweetened colas containing 42% and 55% fructose, respectively;
sucrose, sucrose-sweetened cola; aspartame, aspartame-sweeiened cola,

As the present study shows, the 3 cola beverages, which were
sweetened with sucrose, FIFCS 55, or HFCS 42, were perceived
as equally sweet and significantly sweeter than diet cola. All 3
beverages showed identical temporal profiles of motivational
ratings, which were different from the no-beverage condition.
There were no differences between the reported temporal pro-
files for hunger, satiety, and the desire fo sat obtained after the
ingestion of HFCS- or sucrose-sweetened colas. Compared with
the Els under the no-beverage condition, the 3 colas and 1%-fat

* milk weakly suppressed EIs at lunch, whereas the diet cola did

not. However, the effect was significant only for 1%-fat milk. -
The present study used the conventional preload paradigm
{25-27) and commercially available colas and 1%-fat milk. The
statistical power was similar to that used in past research (9, 25).
The study design was thus able to separate the effects of prejoad
energy and preload volume. As had been noted in previous re-
ports, diet cola suppressed hunger immediately after ingestion,
but hunger ratings recovered sooner than did those after ingestion
of caloric 1%-fat milk. Preload volume alone had no effect on Els
120 min later. The amount of food consumed at lunch in the diet
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FIGURE &, Ttmeline of sucrose inversion in the sucrose-containing cola

used in this study. Fach data point represents the mean of 3 samples taken

from the same lot on the indicated date. As sucrose hydrolyzed over the weeks

of the sy, its concentration declined from 36% of total sugars to just above
10%. Free {ructose increased from 32% to ~45% of total sugar,
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cola condition did not differ significantly from that in the no-
beverage condition.

The notion that HFCS-sweetened beverages differ subsian-
tially from sucrose-sweetened beverages (2, 14) seems fo have
been based on the incorrect assumption that sacrose in solution
remains stable. As documented by multiple laboratory assays
conducted over the course of the present study, the sucrose con-
tent of the cola beverage dropped from 35% to 10%, whereas the
free fructose content rose from 32% to 44% of total sugars.
Other hydrolysis data indicate that 50% of the sucrose in
carbonated beverages is hydrolyzed within 10 d of manufac-
ture and that ~90% is hydrolyzed within 3 mo. Given the time
lag between production and consumption, it is likely that most
sugars in sucrose-sweetened beverages are aiready in the form
of free fructose and glucose by the time the beverages are
consumed (16).

Previous laboratory studies of sugars and satiety in humans,
meost often conducted with agueous sohutions of pure sugars (11,
12), produced inconsistent results. One early study did not find
differences between glucose and fructose in hunger ratings or Els
(12). A study in 16 women showed that 50 g fructose in 500 mL
water significantly reduced lunch intakes as compared with a
water control (28). A study of different glucose-fructose mix-
wres showed that high-glucose (80%) stimuli elevated blood
glucose concentrations more than did high-fructose stimuli
(80%), bat that the 2 mixtures had similar effects on appetite (T
Akhavan and GH Anderson, unpublished observations, 2005).
The same study showed that high-fruciose stimuli {65% and
80%) were associated with lower short-term food intake than was
SUCTOSE.

The putative effect of HECS on satiety hormones awaits fur-
ther research. In z recent study, 30 lean women consumed cola
beverages at lunch served at 1300 h, and blood samples were
drawn before the meal and 30 min and 60 min afterward (29).
There were no significant differences between plasma glucose,
insuiin, leptin, or ghrelin after the ingestion of HFCS- or sucrose-
sweetened cola. It is possible that the responses {0 sucrose- and
HFCS-sweetened cola beverages were similar because the sugar
content of the stimuli was, in fact, much the same. Studies of the
human response to sweetened liguids should assess the stimulus
stigar composition at the time of testing.

The present study does not resolve the underlying question of
whether liquids differ from solids in their satiating power. Past
studies found no difference in satiating power between liquid
cola and solid fai-free cookies (30) orbetween a drinkable liquid
yogurt and the same yogurt that was eaten with a spoon (9)."A
review (20) showed that, whereas some studies found that iquids
were less satiating than solids, other studies showed the opposite.
Most recently, a study showing that apple juice had higher sati-
ating power when it was called a “soup™ attributed the difference
to cognitive rather than physiologic factors (31}.

In the present study, conducted with liquids only, a slightly but
significantly different degree of compensation as compared with
the no-beverage condition was obtained for 1%-fat milk only.
This finding is of interest because 2 previous studies observed no
differences in EIs among regular cola, orange juice, or 1%-fat
millk, no matter whether the beverages were consumed 135 min
before lunch (32) or with lunch (27). On the other hand, yogurts
were associated with higher fullness ratings than were either
dairy- or fruit-based drinks {9), possibly because of their higher
protein content.

Although laboratory studies conducted with pure sugar solu-
tions provide valuable data ot fructose metabolism (12, 13), not
all observations can be extrapolated to the human food supply.
The hydrolysis of sucrose in soft drinks before consumption
suggests that the substitution of HFCS for sucrose did not have
the dramatic effects that had been claimed (2). The emerging
view voiced in the scientific literature (33) and in the news media
(34) is that any potential contribution of sugars to obesity is
unlikely 1o be mediated by metabolic effects that are unigue to
HFCS.
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The use of high fructose corn syrup (HFCS) has increased over the past several decades in the United States while overweight
and obesity rates have risen dramatically. Some scientists hypothesize thar HFCS consumption has uniquely contributed to
the increasing mean body mass index (BMI) of the U.S. population. The Center for Food, Nusrition, and Agriculture Policy
convened an expert panel to discuss the published scientific literature examining the relationship berween consumption of
HFCS or “soft drinks” (proxy for HFCS} and weight gain. The authors conducted original analysis 1o address certain gaps in
the literature. Evidence from ecological svudies linking HFCS consumption with rising BMI rates is unreliable. Evidence from
epidemiologic studies and randomized controlled trials is inconclusive. Studies analyzing the differences between HFCS and
sucrose consumption and their contributions to weight gain do not exist. HFCS and sucrose have similar monosaccharide
compositions und sweemess values. The fructose:glucose (F:G) ratio in the U.S. food supply has not appreciably changed
since the infroduction of HFCS in the 19605, It is unclear why HFCS would affect satiety or absorption and metabolism
of fructose any differently than would sucrose. Based on the currently available evidence, the expert panel concluded that
HFCS does not appear to contribute fo overweight and obesity any differently than do other energy sources. Research

recommendations were made to improve our undersianding of the association of HFCS and weight gain.

Keywords body mass index, overweight, obesity, sucrose, fructose, glucose

INTRODUCTION

Overweight and obesity have become increasingly problem-
atic in the United States from an individual and & population per-
spective. According to the body mass index (BMI) categories de-
fined by the Centers for Disease Control and Prevention (CDC},
about 65% of the U.S. adult population aged 20-74 years is cur-
rently overweight, fn addition, 31% of all overweight adulis are
classified as obese. In 197680, only 47% and 15% of adults
in the United States were considered overweight and obese, re-
spectively (CDC, 2004). About 16% of American children and
adolescents aged 619 years are also currently overweight. Two
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and Agriculture Policy, University of Maryland—Coliege Park. 1122 Patapsco
Building, College Park, MD 20742, USA. Tek 301 405 8382; Fax: 301 405
2390, E-mail: storey @umd.edu

decades ago, about 6% of individuals in this age group were
classified as overweight (CDC, 2004). Prior to 197680, such
dramatic overweight and obesity rates were not observed in the
United States.

Overweight and obese individuals are subject to societal
stigmatization and are at increased risk for deleterious hiealth
conditions, including type 2 diabetes, cardiovascular diseases,
hypertension, osteoarthritis, and some cancers {CDC, 2004),
Overweight and obesity increase health care costs (USDA, 2004)
and mortality rates (Mokdad et al., 2004, 2005; Flegal et al,,
2003).

Overweight and obesity are influenced by many genefic and
environmental contributors, including race/ethnicity, age, phys-
ical activity, sedentary behaviors, food consurnption patterns,
smoking, technological advancements, and psychological fac-
tors (CDC, 2004; Columbia Univ., 2000; Rashad and Grossman
2004), Researchers, government officials, politicians, and ac-
tivist organizations are contributing significant resources in an
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attempt to understand and reduce the overweight and obesity
-“epidemic” in the United States.

All sources of energy consumed in excess of energy needs can
contribute to increased BMI and risk of overweight and obesity.
However, several arguments suggest that, in addition to provid-
ing epergy, high fructose corn syrup (HFCS) may contribute
to the development of overweight and obesity via other mech-
anisms, In the United States, HFCS has increasingly replaced
refined sugar (sucrose) in many foods and most sweetened bev-
erages. Outside the United States, HFCS is not used exiensively,
and sucrose continues to be the primary caloric sweelener.

Several types of HFCS—HFCS-42, HRCS-55, and HFCS-
90--are produced by the food industry. Using enzymes to iso-
merize dextrose-based cormn syrups, HFCS-42 was developed
in the 1960s and contains 42% fructose, 53% glucose, and
5% higher saccharides. In the 1970s, the production of “super-
sweet” HFCS-90-—containing 90% fructose, 9% glucose, and
1% higher saccharides—was made possible by passing HFCS-
42 through an ion-exchange column. HFCS-35, which contains
55% fruciose, 42% glucose, and 3% higher saccharides, was
produced by blending HFCS-42 with HFCS-90 (Chaplin and
Bucke, 1990; USDA, 2005; Hanover and White, 1993).

Sucrose, a disaccharide, is composed of twe monosaccha-
rides, fructose and glucose, in a ratio of 30:50. In sucrose, the
monosaccharides are bound together in a covalent bond that
is readily cleaved in the gastrointestinal tract by the enzyme
sucrase. Although their monosaccharide compositions are very
similar to sucrose, the monosaccharides in HFCS-42 and HFCS-
55 are not covalently bonded; that is, their monosaccharides
are free in solution. The major difference between sucrose and
HFCS-42 and HFCS-55 is their percent moisture content (3%
versus 29% and 23%, respectively) (Hanover and White, 1993),

The various formulations of HFCS have distinct applica-
tions within the food production industry. HFCS-42 is mainly

used in baked goods, canned fruits, and condiments, while.

HFCS-55 is almost exclusively found in regular carbonated soft
drinks (RCSD), other sweetened beverages (fruif drinks/ades),
ice cream, and frozen desserts. In addition to its role in HFCS-
35 production, HFCS-90 “is valued in natural and ‘light” foods,
where very little is needed to provide sweetness” (CRA, 2002).

Studies showing that the consumption of the monosaccharide
fructose increases overall food intake, resulting in weight gain,
are limited and occasionally contradictory. Some animal studies
have found an association between fruciose consumption and
a reduction in food intake (Friedman, 1990). In humans, fruc-
tose absorption is facilitated by glucose and other monosaccha-
rides, such as galactose. Excess fruciose consumption by itself
is known to cause gastric distress and osmotic diarthea. The
impact of fructose consumption on hormone levels, satiety, and
subsequent shori- and long-term food consumption is a compiex
relationship that deserves further study, a detailed discussion of
which is beyond the scope of this review,

More importantly, the evidence from metabolism studies on
fructose alone is irrelevant to the HFCS and weight gain de-
bate. HFCS is not fructose. HFCS is compositionally similar
to sucrose. The fructose concentrations used in most fructose
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metabolism studies greatly exceed the daily fructose consump-
tion of the average Amercan. Even if it were established that
consuming fructose leads to over-consumption and weight gain,
this would not imply that consuming HFCS also leads to over-
consumption and weight gain.

Recently, several hypotheses concerning the causes of over-
weight and obesity have centered on HFCS. These hypotheses
imply that HECS is unique In its contribution to overweight and
obesity bevond being a source of energy. In addition, because
soft drinks are consumed by diverse age, socioeconomic, and
race/ethnic groups in the United States, soft drink consumption
is often utilized as a “proxy” of overall HFCS consumption in
studies examining overweight and obesity in the United States,

The Center for Food, Nutrition, and Agriculture Policy con-
vened an expert panel to critically and thoroughly examine the
existing evidence linking HFCS consumption to changes in BMI
and body weight. The objective of the expert panel was to assess
the strength of the evidence for the role of HECS as a unique
contributor to an increased risk of overweight and obesity.

METHODOLOGY

A thorough literature search was conducted using PubMed.
Medical subject heading (MeSH) key words used to search the
database included: high fructose corn syrup, obesity, sucrose,
and beverages. Severa} types of studies were identified from the
search including literature reviews, commentaries, ecological
and epidemiologic studies, randomized controlled trials (RCTs),
and animal studies. We uttlized the IS1 Web of Science® to iden-
tify widely-cited scientific publications to discuss in detail in this
manuscript. Recently published studies were included based on
the professional judgment of the panel.

ARGUMENTS CONSIDERED

Several arguments have been proposed suggesting that HFCS
warrants special attention for the prevention of overweight
and obesity because this sweetener has specific properties that
uniquely contribute to weight gain, We have organized and sum-
marized these arguments using diagrams (Figs. 1-2). Figure |
contains a conceptual overview of the argurments. The figure at-
tempts to summarize the major lines of argument and indicate the
evidence that would be necessary to support it. Rounded boxes
show the beginning and end points of an argument, rectangular
boxes indicate an action or process, rectangular boxes with two
extra vertical lines designate a sub-process, and non-rectangular
parallelograms indicate a proxy. Recwring proxies for HFCS
throughout the scientific literature are the various classifications
of “soft drinks.” The question mark symbol indicates that data is
currently not sufficient to support the proposed claim. Figure 2
details the theoretical mechanisms referred fo in Fig. 1. Arrows
specify the argument flow and the stages at which evidence is
required in order to support the argument. If contradictory ev-
idence is available at any point along the path to weight gain,
the argument for that particular path is rendered invalid. Apny
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Figure 1 Conceptual overview of the proposed arguments supporting the relationship between high fructose corn syrup (HFCS) consumption and weight gain,
Rounded boxes show the beginning and end points of an argument; rectangular boxes indicate an action or process; rectangular boxes with two extra vertical
lines designate a sub-process; non-rectangukar parallelograms indicate a proxy. Recurring proxies for HFCS throughout the scientific literature are the various
classifications of “soft drinks.” Arrows specily the argument flow and the stages at which evidence is required in order to support the argument, The guestion marks
indicate that data is currently not sufficient to support the proposed claim. Figure produced by authors.

of the ensuing sub-processes are irrelevant if a line of argument
has been shown to be invalid, regardless of whether or not the
ensuing sub-processes have been technically validated by other
evidence. Once the chain of logic has been broken, the argu-

HFCE is not sweeter F-G has not
than sucrose " HFCS ‘r increased
o A
S ] pY
Sweeter Soft Drinks | TFG
BTN
A
.1 T EBnergy Metabalic
Consumption Differences

Inconelusive
evidence

Figure 2 Conceplual overview of the theorized mechanisms supporting the
relationship between high fructose corn syrup (HFCS) consumption and weight
gain. Rounded boxes show the beginning and end points of an argument; rect-
angular boxes indicate an action or process; rectangalar boxes with two extra
vertical fines designate a sub-process; non-rectangular paraliclograms indicate
a proxy. Recurring proxies for HFCS throughout the scientific literature are the
various classifications of “soft drinks.” Arrows specify the argument flow and
the stages at which evidence is required in order to support the argument. The
not symbol (&) indicates that evidence that contradicts the claim is available.
The question mark indicates that data is currently not sufficient io support the
proposed claim. Figere produced by authors.

ment is no longer valid, Although lack of evidence does not
invalidate an argument, it does make the truth of an argument
indeterminate.

Figure 1 illusirates the hypothesis that HFCS consamp-
tion is positively associated with weight gain via one or more
theorized mechanisms, Two types of studies—ecological and
epidemiologic—have been extensively cited in support of this re-
latonship. Epidemiologic studies typically utilize various clas-
sifications of “soft drinks” as a proxy for HFCS in an attempt to
evaluate a putative link between HFCS consumption and weight
gain. A small number of randomized controlled trials have also
examined the association between “soft drink” consumption and
weight gain,

Figure 2 provides further detail of the theorized mechanisms
linking HFCS consumption and weight gain. According to dis-
cussions in the scientific literature, there are three possible mech-
anisms: 1) HFCS is “sweeter” than sucrose, leading to greater
energy consumption and weight gain, 2) humans do not compen-
sate for excess energy provided by seft drinks (HFCS proxy),
leading to greater energy consumption and weight gain, and
3) increased levels of HFCS in the food supply has increased
the fructose:glucose (F:G) ratio of the American diet, causing
adverse metabolic effects that either directly or indirectly (via
greater energy consumption) lead to weight gain. It has been
argued that increasing the F:G ratio may: 1) increase hepatic li-
pogenesis, leading to increased fat production and weight gain,
and/or 2} decrease the release of the satiety hormones insulin
and leptin and increase the release of the hunger hormone ghre-
lin, ieading to greater energy consumption and weight gain, The
not symbol (@) indicates that evidence that contradicts the claim
is available.
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In the following sections, we will review the ecological and
epidemiologic studies and the RCTs that directly or indirectly
address the relationship between HFCS consumption and sisk of
overweight and obesity. The details of the studies are presented

R. A. FORSHEE ET AL.

in Tables 14, identifying the type of study and data used, a
summary of the results, and any remarks from the authors of
this review. In addition, we will also address the feasibility of
each of the theorized mechanisms outlined above.

Table1 Review of ecological studies on the association between HFCS and weight gain

Study Type of Analysis

Summary of Results

Remarks

Gross et ab., 2004. Ecological

Per capita nutrient consamption data from
the U.S. Department of Agriculture
{USDA) and type 2 diabetes prevalence

data from the CDC

Harnack et al., 2000. Ecological

Per capita nutrient and energy availability
in the United States between 1976-80
and 1988-094 Food and nutrient data
from various agricuitare, business, and

medical databases

Nielsen and Popkin,
2004

Ecological

Analyzed data from the Nationwide Food
Consumption Survey (NFCS) 1977-78
{n = 29,695), the Continuing Survey of
Food Intake for Individuals (CSFID
1989-91 (n = 14,658), CSFII 1994--96,
9% (n = 19,027}, and the Mational Health
and Nutrition Examination Survey
(NHANES) 1999-2001 (n = 9965) to
determine consumption trends of specific
beverages among all individuals aged >2
years,

Ecological

Anatyzed associations between caloric
sweetener consumption trends, percent
urbanization, and per capita gross
national product (GNP} in multiple
countries.

Analyzed food-disappearance data o
estimate caloric sweetener consamption
from 103 countries in 1962 and from 127
countries in 2000.

Popkin and Nielsen,
2003,

From 1909 to 1997, the incidence of type 2
diabetes was significantly and positively
associated with per capita intakes of fat
(r = {.84; P < 0.001), total carbohydrate
{r=10.55; F < 0.001), protein (r = 0.7%;
P < 0.001), fiber {r = 0.16; P = 0.027),
com syrup (r = 0.83; P < 0,001}, and
total energy {r = 0.75; P = 0.001).

Multivariate nutrient-density model found
that the percent of total energy
contributed by corn syrap was positively
associated (h = 0.0132; P = 0.038), and
the percent of total energy contributed by
fiber was negatively associated (b =
—13.86; P < 0.01), with the incidence of
type 2 diabetes,

The authors observed a decline in per capita
availability for seven food categories and
an increase in per capita availability for
17 food caiegories, one of which was
com sweeteners (283.4%). They also
noted that the increase in per capita
availability of total energy during this
time period coincided with the increase
in the percentage of overweight children,
adolescents, and adults.

‘The per capita availability of many other
foods, such as 1% milk (423.8%),
poultry (84.5%), and frozen vegetables
(72,9%3, also increased substantially
during this time period,

Survey participants were divided into four
age categories: 2~18 years, 19-39 years,
40-59 years, and >60 years. Nielsen and
Popkin reported that sweetened beverage
{soft drinks plas fruit drinks})
constmption increased for all age groups
between 197778 and 1999--2001 with
an overall 135% increase in eneygy
intake from sweetened beverages.

These authors found a 74 kcal/person
increase in per capita caloric sweetener
availability between 1952 and 2000.
Using pooled regressions from 1967 and
2000, Popkin and Nielsen attributed
about 82% of the increase in caloric
sweetener consamption fo GNP and
urbanization shifts. They credited the
remaining 18% increase in caloric
sweetener consumption to unrmeasured
factors, such as changes in food
production and/or consumer behavior.

“Corn syrup” is used inappropriately by
Gross et al. “Corn syrup” {ACH Food
Co., 2003) is a comm-based sweetener
containing various amounts of glucose
(dextrose), maliose, isomaliose,
maltotriose, and higher molecular weight
saccharides. (Chaplin and Bucke, 1990)
Unlike corn syrups, HFCS contains
fructose in addition to other saccharides.
(Hanover and White, 1993)

The ecological data are insufficient to
determine which trends, if any, are
independently associated with rising
overweight and obesity rates.

Harnack er al. did not directly evaluate the
association: between BMI values and
intake of either total enetgy or specific
macronutrients.

The authors presented no data supporting
any relationship hetween overweight and
obesity and the consumption of soft
drinks or fruit drinks.

These authors only addressed trends in
worldwide caloric sweeiener
consamption. No assessment of the
relationship between caloric sweetener
consumption and overweight and obesity
was undertaken.
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Study Type of Analysis

Summary of Results

Remarks

Cross-Sectional

Utilized CSFIE 1994-96, 98 fo examine
consumption patierns of non-water
beverages [milk, fruit juices, regular fivit
drinks/ades, diet fruit drinks/ades,
regular carbonated soft drinks (RCSD),
and diet carbonated soft drinks (DCSD)]
arpong 1749 children (6-11 years) and
adolescents (12-19 years),

Forshee and Storey,
2003,

Forshee et al. (2004). Cross-sectional

Utilized data from NHANES 1988-94 in
order to examine the relative association
of demographic variables, beverage
consumption, physical activity, and
sedentary behaviers with BMI for 2216
adolescents aged 12-16 years.

Separate analyses of the dietary assessment
tools—one 24-hour dietary recali (24HR}
and one food frequency questicnnaire
(FFQ)-—included in NHANES 1988-94,

In order to congrol Tor total energy, energy
from sources other than beverzges was
calcolated (Boger = Brow — ey ) and
inchuded o the 24 HR and the FFQ
models.

Cross-sectional

Amnalyzed soft drink consumption trends
among children aged 617 years,

Soft drinks were defined as “carbonated
beverages (all United States Department
of Agriculture database codes starting
with 924) and included flavored waters
and juice drinks.” (French et al., 2001).

Data were obtained from NFCS 1977-78
(n = 8908) and CSFII 1994-96, 98 (n =
3177,

Cross-sectional

Investigated the relationship between BMI,
tetevision viewing, and regular and diet
soft drink consumption amoeng
non-diebetic sixth and seventh grade
aon-Hispanic white (n = 188}, Latine (n
= 167}, and Asian (n = 30} studen(s
from 3 different schools in Santa Barbara
County, California.

Of these 385 children, 305 children
compieted a questionnaire of 18 lifestyle
guestions.

French et al. 2003,

Giammattei et al. (2003).

Grant et al. (2004), Cross-sectionat

Studied the relationship between
anthropomeiric statas and macronutrient
intake armsong Pacific Island children

aged 2-5 years living in New Zealand.

After controlling for age, race/ethnicity. and  Study limitations include no controls for

family income, these authors found that
BMI had a statistically significant and
positive relationship with DCSD
consumpdion for both boys (p < 0.03) and
gizls {p < G.05). Since DCSD contains
little, if any, energy, these beverages were
most likely a marker, not a cause, of
higher BM] values among study
participants. Overweight children are
more likely to consume DCSD in an
attempt {0 congrol or decrease their weight.

BMI did not show an association with RCSD
or frait drink/ade consumption.

sedentary behaviors, physical activity,
and intake of energy from sources other
than beverages in the modal, In addition,
BMI and beverage consumption were
self-repozted and subject to measurement
erTor.

Causal inferences cannot be made from

cross-sectional study desigas.

In the 24 HR multivariate regression model, Since food and beverage consumption,

consumption of DCSD (b == 0.0041; 95%
C1 = 0.0007 te 0.0074) was positively
associated with BMI for females {p <
0.05%.

Neither RCSD nor fruit drinks/ades were
associated with BMI for females or males.

physica! activity, and felevision viewing
ere self-reported, these variables are
subject to measurement ersor. In addition,
by truncating television viewing at a
maximuom of § hours/day, an artificial
ceiling was imposed on this variable.

in the FFQ multivariate regression model, Causal inferences cannot be made from

consumption of DCSD (& = (.0408; 95%
CI = 0.0169 to 0.0647) was positively
associated with BMI {or females (p <
(.03).

No relationship was observed between any
other beverage consumption category and
BMI for either females or males.

The overall prevalence of soft drink
consumption among children aged 617
years was 48% higher in 1994-96, 98
than in 1977-78. Mean soft drink intake
increased from 5 to 12 oz/day (155 to 370
glday).

cross-sectional study designs.

The relationship between soft drink

consumplion and BMT was not examined,

Causai inferences cannot be made from

cross-sectional study designs.

Found that 17.9% of the students were at-risk Since the study was limited 10 sixth and

of overweight (BMI >85th and <95th
percentile), while 17.4% of the students
were overweight (BMI >95th percentile).

Onaly the number of hours of television
viewing on a school night and the total
number of soft drinks consumed per day
were significantly associated with BME

When regular and diet soft drinks were
analyzed separately, BMI z-scores (P =
6.001) and percent body fat {(F = 0.0002)
remained positively and significantly
associated with diet soft drink
consumiption only,

BMI z-scores (P = 8.08) and percent body
fat (# = 0.08) were not significantiy
associated with regular soft drink
consumption.

0Of the 56 children who provided height,
weight, and 2-day food records, 32 were
classified as obese {(BMI ~95th
percentile) and 24 were classified as
non-obese (BMI <95th percentile).

Taylor & Francis grant permission to The Corn Refiners Association
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seventh grade students from 3 schools in
Santa Barbara County, California, the
generalizability of this study to other
students 1s lnited.

Casual inferences cannot be made from

cross-sectional study designs,

Consumption of foods and beverages

sweetened with HFCS is very limited in
New Zealand since HFCS ix almost
exclusively produced and consumed
within the United States. However,
{Continued on next page)
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Table 2 Review of cross-sectional epidemiologic studies on the association between HFCS and weight gain (Continued)

Study Type of Analysis Summary of Results

Remarks

Classified children with a BM! =95th  After adjusting for age and gender, the obese children
percentile of the CDC's consumed significantly more total energy than did the
BMI-for-age tables as obese. non-obese chifdren (P < 0.05). The obese children

consumed more of all types of foods, not just more of
specific foods, than did the non-obese children.

Percent of totzl energy obtained from fat, carbohydrate,
sugars, and sucrose was not significantly different
between the obese and non-cbese chiidren.

Nicklas ef al. {2003). Cross-sectional

Anatyzed the relationship between
BMI and food consamption patierns
ameng 1562 African-American
(AA) and Buro-American (EA)
10-year-olds in Bogaiusa, Louisiana
between 1973 and 1994 {The
Bogatusa Heart Study).

Combined the children at-nisk for
overweight (BMI > 85th and <95th
percentile) with the overweight
children (BMI > 95th percentile)
into one overweight group.

After controlling for total energy intake, age, study year,
ethnicity, gender, and ethnicity-gender inieraction, the
authors found positive agsociations between
overweight and consumption (in grams) of total foods
and beverages {OR = 1.77, p < 0.05), snacks (OR =
1.24; p = 0.05), and jow-quality foods {OR = 1.35;
p < 0.01}. Food consumption pattesns that included
consumption of sweets (OR = 1.38; p < 0.05) and
sweetened beverages (OR = 1.33; p < G.001) were
alse associated with overweight.

After analyzing the association between food
consumption patterns and overweight statug by
ethnicity-gender groups, only EA maies and EA
females showed positive associations between
overweight and consumption of sweets (p < 0.05 for
both) and sweetened beverages (p < 0.01 for males; p
< 0.05 for females). For EA males and EA females,
positive associations were also found between
overweight and consumption of total feods and
beverages {p < 0.05 for both), particularly from
low-quality foods {p < 0.05 for both). A positive
association between overweight and consumption of
the dinner meal {p < (.05) was observed for EA males
only.

AA females showed negative associations between
overweight and consumption of fraitsffruit juices (p <
0.01) and fruit/frui¢ juices/vegetables (p < 0.01}, total
pumber of meals consumed (p < 0.05), and
consumption of the breakfast meat (p < 0.05).

The model explained about 4-8% of the variance in BMI
for the various ethnic-gender groups, and soft drink
consumption alone explained approximately 1% of the
variance in the model.

Between 1973 and 1994, mean BMI significantly
increased for each of the four sweetened-beverage
consumption categories, but there were no differences
in mean BMI among any of the four consumption
categories.

Oniy the medium-consumers {p < 0.001) and
high-consumers (p < 0.061) of sweetened-beverages
significantly increased their mean gram consumplion
during this time period.

Rajeshwari et al. (2003). Cross-sectional

Bogalusa Heart Study

Analysis of the relationships between
sweetened-beverage consumplion
and BMI, total energy intake, and
milk consumption

All sweetened-beverages were
assigned to one of the following
categories: soft drinks, fruit drinks,
iced tea with sugar, and coffee with
sugar

Study participants were categorized as
either non-consumers,
Fow-consumers,
medinm-consumers, or
high-consemers of
sweetened-beverages.

Grant et al. did evaluate the
relationship between sucrose,
which has a monosaccharide
composition similar fo that of
HFCS-42 and HECE-55, and
obesity,

The study did not coatrol for
physical activity.

Causal inferences cannot be made
from cross-sectional stdy
designs.

The results from the Nicklas ef al.
study must be interpreted with
cauiion because none of the
models examining associations
amang gating-pattern variables
and overweight status controlled
for physical activity.

Causal inferences cannot be made
from cross-sectional study
designs.

The results from this study must be
interpreted with caution due to
regional variations in
sweetened-beverage
consuption patterns among
children.

The models did not control for
physical activity.

Cansal inferences cannot be made
from cross-sectionai study
designs.

Taylor & Francis grant permission to The Com Refiners Association
for this article to feature on www hfesfacts.com until 6™ August 2012,
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Table 2 Review of cross-sectional epidemiologic studies on the association between HFCS and weight gain (Continued)

Study Type of Analysis

Summary of Results Remarks

Cross-sectional

Data from NFCS 1977-78 {n = 4472),
CSFII 1989-91 (n = 2373), and
CSFIH 199486 (n = 1648).

Analyzed snacking trends among
individuals aged 15-29 years

Zizza et al. (2001),

Sweetened beverages (reguiar soft drinks, diet soft
drinks, and fruit drinks) were one of the major
contributors of energy from snacking occasions.

Qverall snacking prevalence increased from 77% in
197778 to 84% in 1994-96.

Energy consumed per snacking occasion increased by
26%, while the number of snacks consumed per day

The relationship between snacking
and BMI was not examined,

The models did not control for
physical activity.

Ceusal inferences cannot be made
from cross-sectional study
designs.

increased by 14%.

ECOLOGICAL EVIDENCE

Overview

Ecological (population) studies use aggregate data to deseribe
relationships between substance exposure and some other vari-
able {e.g. disease) either among several populations over dif-
ferent geographical areas or within one population over several
time periods (Coggon et al,, 1997; CDC, 20035). BEcological stud-
ies produce the weakest evidence linking substance exposure
and health outcomes because ecclogical studies are highly sus-
ceptible to bias, confounding, and chance (CDC, 2003; Robin-
son, 1950; Greenland and Morgenstern, 1989, 1991). Relative
to other study designs, ecological studies are less expensive and
time-consurning, vet they can not establish cause-effect relation-
ships or even individual-level associations. Ecological studies
can be useful tools to generate hypotheses for later testing by rig-
orous analysis (CDC, 2005). Spurious relationships, often called
“ecological fallacies,” can result from using aggregate daia
to imply cause-effect relationships (Morgenstern, 1995; King,
1997). :

Because the data points are averages and not individuals, it
is impossible to determine whether a higher consumption of
particular foods or food ingredients by individuals is associated
with higher BMI values for those individuals. It has even been
shown that the correlation between two variables using aver-
ages may be the opposite sign of the correlation between the
same iwo variables measured among individuals. For example,
Robinson reported in 1950 that the individual correlation of be-
mg foreign born and illiteracy was 0.118, but when aggregated
to percentages by state, the correlation was —0.526 (Robinson,
1950). Relying on the correlation produced by aggregated data
would have given the wrong answer by a large margin. The same
type of error may occur when using average food consumption
data to explain average BMI data.

Additionally, ecological data are usually small samples. Sta-
tistical models need to control for all potential confounding fac-
tors or the results will be biased. For a complex probiem like obe-
sity, this typically means that you need hundreds or thousands
of data points to have sufficient statistical power while control-
ling for all of the reasonable potential confounding variables, In
this case, U.S. per capita HFCS consumption data are available
only from 1967 to 2003 for a total of 37 data points (USDA,

2004), These are far too few data points to propetly control for
the dozens of societal changes that may have been associated
with changes in obesity prevalence over the past four decades.

Literature Review of the Ecological Studies

Four widely cited ecological studies that hypothesize a re-
lationship between HFCS consumption and weight gain were
found in the scientific Hterature,

Gross et al. (2004), using per capita nutrient consumption
data from the U.S. Department of Agricolture (USDA} and type
2 diabetes prevalence data from the CDC, examined the rela-
tionship between the consumption of refined carbohydrates and
the incidence of type 2 diabetes—a disease strongly linked to
overweight and obesity (CDC, 2004). According to their initial
analyses of the available data from 1909 to 1997, the incidence
of type 2 diabetes was significantly and positively associated
with per capita intakes of fat, total carbohydrate, protein, fiber,
corn syrup, and total energy. When the study authors utilized
a multivariate nutrient-density model, the percent of total en-
ergy contributed by corn syrup was positively associated and
the percent of total energy contributed by fiber was negatively
associated with the incidence of type 2 diabetes.

Harnack et al. (2000) observed a decline in per capita avail-
ability for seven food categories and an increase in per capita
availability for 17 food categories, one of which was com sweet-
eners. They also noted that the increase in per capita availability
of total energy during this time period coincided with the in-
crease in the percentage of overweight children, adolescents,
and adults. The per capita availability of many other foods, such
as 1% milk, poultry, and frozen vegetables also increased sub-
stantially during this time period. Harnack et al. did not directly
evaluate the association between BMI values and intake of either
total energy or specific macronutrients.

Nielsen and Popkin (2004) reported that sweetened bever-
age (soft drinks plus frit drinks) consumption increased for all
age groups between 1977-78 and 1999-2001 with an overall
135% increase in energy intake from sweetened beverages. The
relationship between beverage consumption and BMI was not
examined.

Popkin and Nielsen (2063) found a large increase in per
capita calorc sweetener availability between 1962 and 2000,

Taylor & Francis grant permission to The Com Refiners Associstion
for this article to feature on www hfcsfacts com until 6% August 2012,
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Table 3 Review of longitudinal epidemioiogic studies on the association between HFCS and weight gain

Study

Type of Analysis

Summary of Results

Remarks

Berkey et al., 2004,

Field et al., 2004.

Ludwig et al,, 2001,

Newby et al., 2004.

Schalze et al., 2004.

Longitedinal

1.8, Growing Up Today Study (GUTS)

Analyzed the relationship between BMI
and intakes of sugar-added beverages,
milk, fruit juices, and diet soda in a
cohort of more than 10,000 makes and
females aged 9-14 years in 1996,

Longitudinal

GUTS

Investigated the association between BME
and the intake of various snack foods,
including sugar-sweetened beverages.

Longitudinal

A cohott of 548 ethnically diverse
schoolchildren aged 11-12 years
enrolied in Massachusetis public schools

Examined the relationship between BME
and consumption of sugar-sweetened
drinks

Changes in BMI and sugar-sweetened
drink consampiion were measured for 19
months.

Loagitudinal

North Drakota Special Supplemental
Nutrition Program for Wemen, Infants,
and Children {WIC}. Cohort of 1345
children aged 2-5 years visited WIC
clinics at leass twice between January
1695 and June 1998, Explored the
relationship between beverage
consumption and changes in BMI

Longitedinal

Nurses’ Health Study 11 Cohort of 51,603
females

Examined the relationship between
sugar-sweetened beverage consumption,
weight change, and risk of type 2
diabetes,

Positive association between BMI and

sugar-added beverage consumption for
boys (p = 0.038), bul the association was
not statistically significant for girls (p =
0.096). For each serving of sugar-added
beverages consumed per day, BME
increased by 0.028 kg/m? for boys and by
0.021 kg/m*for girls from the previous
year.

‘When total energy was incladed in the

meded, the asgociations were aot
significant for either boys
(p = 0.317) or girls (p = 0.167).

After controlling for 2 variety of potential

confounders, including total energy intake,
no relationship was found between snack
food intake and annual change in BMI for
either girls {b = —0.006) or boys (b =
—0.004). According to these authors,
“I'wlhen servings per day of
sugar-sweetened beverages were included
as snack foods the association between
snack food intake and change in BMI
z-score was similar to the main findings”
(Field et al., 2004) for gitls (b = -0.004)
and'boys (b = -0.003).

increased from 1.22 to 1.44
servings/day—a difference of 0.22
servings/day.

After controlling for baseline

anthropometrics and demographics,
dietary variables, physical activity,
television viewing, and total energy intake,
the estinated association of
sugar-sweetened drinks with BMI was &
0.24 kg/m? increase in BMI for each
acditional serving/day increase in
sugar-sweefened drink consumption (p =
0.03).

Found no sigrificant relationships between

any of the beverages analyzed and BMIL

When soda was analyzed separately, an

increase in soda consumption of | oz/day
(31 giday} predicied a non-significant
decrease of 0.014:0.02 BMI units
(kg/m®YVyear (P = 0.50).

When all beverages were inchided in the

meodel, an increase in soda consumption of
1 oz/day (31 giday) predicted an identica
BMI unit/year decrease (P = 0.58).

After controlling for a wide range of

potential confounders including physical
activity, smoking, other components of the
diet, and other variables, between 1991
and 1995, those individuals whose
sugar-sweetened beverage consumption
remained consistent at either <1
drink/week {(n = 38,737) or =1 drink/day
{n == 2366) increased in weight by

Taylor & Francis grant permission to The Corn Refiners Association
for this article to feature on wyyw.hfosfacts.com untit 6 August 2012.

This stady found no staiistically significant
association between sugar-added
beverage consumption and BMI after
controlling for total energy.

The data are not nationally representative.

The study used self-reported data that may
be subject {o measurement eITor.

This study found no association between
snack food consumption (including
sngat-sweetened beverages) and BMI.

The data are not nationally representative.
The study used self-reported data that
may be subject to measurement error.

Average sngar-sweetened drink consumption For the average increase in

sugar-sweetened drink consemption
(0.22 servings/day), this model predicted
an annual BMI increase of 0.05 kg/m®
assumning all other variables in the model
remained constant.

Nielsen and Popkin (2004), reporied that
between 1977 and 1996, mean
consumption of sweetened beverages
increased from 2.02 to 2.55 servings/day
for a mean increase of 0.53 servings/day.
Using the Ludwig et al. estimate, the
predicted increase in BMI would be 0.13
kg/m? for an increase of 0,53
servings/day of sugar-sweetened drink
consamption [(0.53 servings/dayx0.24
kg/m*fservings/day)].

The data are not nationally representative.

This study found ne relationship between
soda consumption and the BMI values of
young children.

The data are pot nationally representative.

The study used self-reported data that may
be subject (o measursment error,

More than half of the respondents in the
Nurses’ Heaith Study I were excluded
from the Schulze et al. analysis because
of various exclusion criteria.

The mean change in sugar-sweetened
beverage consurnption for the low-high
(=1 drink/week to > 1 drink/day)
consumption category was significantly
different from the mean change for the
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Table3 Review of longitudinal epidemiologic studies an the association between HFCS and weight gain (Confinued)

Seady

Type of Analysis

Summary of Resules

Remarks

Janket et al,, 2003,

Mrdienovic and
Levitsky, 2003.

Longitadinal/RCT

‘Women's Health Study (WHS) Cohort of
38,480 female health professionals aped
=45 years

Oniy incladed participants from the WHS
who had completed FFQs and had no
history of diabetes at baseline

Examined the relationship between risk of
type 2 dizbetes and intakes of totai
caloric sweeteners, sucrose, fructose,
glecose, and lactose

During follow-up, 918 cases of type 2
diabetes were identified.

RCT

Examined the effects of excessive
sweetened drink consumption [defined

as >12 oz {>370 g)/day] on total energy

intake and weight gain among 30
children aged 6-13 years attending the
Cornell Summer Day Camp in 1967
All children consumed home-prepared
foods during the first week of camp.

3.2} kg/4 years (1.8 Ibfyear) and 3.12 kg/4
years (1.7 Ibfyear), respectively.

Those individuals with the greatest decrease
{=1 drink/day o <1 drink/week; n=1020)
or increase (<1 drink/week to >
drink/day; n = 1007} in their
sugar-sweetened heverage consumption
experienced a weight increase of 1.34 kg/d4
years (0.7 Ib/year) and 4.69 kg/4 years (2.6
Io/year}, respectively.

The remaining individuals whose
sugar-sweetened beverage consumption
paiterns did not fit these four consumption
categories were classified by the study as
“Other.” This would include, for example,
individoals who consistently consumed
2-6 drinks/week or who switched from =1
drink/day to 2-6 drinks/week, The “Other”
category included 16% of the cohort
population, and the average weight
increase for this category was 3.04 kg/4
years (1.7 iyean),

The cohort was aiso studied from 1993 to
1999. During this time, individuals who
consistently conswmed <1 drink/week (n
= 39,279) or =1 drink/day (p = 2340}
gained an average of 2.04 kg/4 years (1.1
Ibiycar) and 2.21 kg/4 years (1.2 Ib/year),
respectively, )

Those individuals with the greatest decrease
(>1 drink/day to <1 drinkfweek; n =
1107} or increase { <1 drinkfweek to =1
drick/day; n == 765) in their
sugar-sweetened beverage consumption
gained an average of 0.15 kg/4 vears (0.1
Ib/year) and 4.20 kg4 years (2.3 Ib/year),
respectively.

Those in the “Other” category gained an
average of 2.10 kg/4 vears (1.2 ib/vear)
and incladed 16% of the cohort population.

After controlling for age, smoking, BME,
vigorous exercise, alcahol use, history of
hypertension and high chokesterol,
post-menopausal hormone and vitamin
use, and family history of type 2 diabetes,
the authors found no association between
the lowest versus highest consumption
categories of total caloric sweeteners,
sucrose, fructose, glucose, or lactose and
risk of type 2 diabetes.

Children who consumed > 16 oz/day {>492
giday) of sweetened drinks gained more
weight {1.12 & 0.7 kg) than did chitdrea
who consimed between 6 and 16 oz/day
(186 and 492 g/day) of sweetened drinks
(0.32 — 048 £ 04 kg).

In addition, children who consumed > 12
ozfday (>370 g/day) of fruit juice gained
more weight (3.3 = 1.95 kg) than did

Taylor & Francis grant permission to The Corr Refiners Association
for this article to feature on www hfesfacts com until 6% Angust 2012,

low-low {consistent at <I drink/wesk),
high-Tigh {consistent at > { drink/day),
and high-iow (=1 drink/day to <1
drink/week) consumption calegories (P
< 0.001),

The low-high consumption category only
contained about 2% of the study sample.
Aboat 75% of the study sample was
located in the low-low consumption
category, and about 5% of the study
sample was Iocated in the high-high
consumption category.

The resuits of the study suggest that those
individuals in the high consumption
category could benefit by reducing their
consumption to <1 drink/week and that
those individuals in the low consumption
category could benefit by limiting their
increase to no more than 2-6
drinks/week.

Smaller changes in sweetened beverage
consumption did not show any
differences in weight gain.

Netther fructose nor glucose—the main
compeneats of HFCS-—were related to
the risk of developing type 2 diabetes.

Sucrose, which has a F:G ratio very similar
to that of HFCS, was also not related to
the risk of developing type 2 diabetes.

The data are not nationaily representative.

The study used self-reported data that may
be subject fo measurement error.

Average daily intake of total encrgy did not
exceed the Recommended Daily
Aliowance (RDA) for any of the age
groups in the study. Children in the
highest and Jowest sweetened drink
consumption categories had daily fotal
energy intakes of 91% 4 5% and
82% = 5% of the RDA, respectively. In
addition, children between the ages of 6

{Continned on nexs page}
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Table 3 Review of longitudinal epidemiologic studies on the association between HFCS and weight gain {Continued)

Stady

Type of Analysis

Semmary of Results

Remarks

From the second week of camp to ihe
end of the study, each child was

children whe consumed <6 oz/day (<186
gfday) of fruit juice (0.5 £ 0.4 kg).

provided meals and snacks prepared by None of these differences was statistically

study administrators for consumption at
camp (breakfast, lunch, and two snacks)
or &t home (dinnex).

Three beverage categories were included in
the anatysis—milk (fluid milk and milk
shakes), 100% fruit juice, and sweetened
drinks (carbonated fruit-flavered drinks,
noncarbonated fruit-flavored drinks, less
than 100% fruit juice, sodas, and tea).

Daily beverage consumption was divided
into four categories—0 [no drink
consumed (0 g/day)], 1 fno more than 6
oz {186 g)], 2 [between 6 and 12 oz (186
and 370 g1, 3 [>12 but <16 oz (>370
but <492 gy}, and 4 {>16 0z (492 g)}.

Daily dietary intakes wete coliected over 4
10 8 weeks. Body weights and heights
were measured either after the first week
of camp or on the first day the child
jeined the stady. Second weight
measurements were recorded during 2
child’s final week at camp and were not
ohtained for all study participants {n =
21}, The study anthors did not discuss or
include second height measurements in
their stady.

sigmificant, and the authors observed that
“the sample size was too small {n = 21) to
provide sufficient power foz the observed
difference in weight gain to be statisticaily
significant.” Mrdjenovic and Eevitsky,
2003. It is also possible that the observed
difference in weight gain was not
significant due to the absence of a
relationship between sweetened drink
consumption and weight gain,

and 13 years are increasing in height as
well as weight. BMI, which accounts for
the relationship between height and
weight, would have been a better
measure of the relationship between
sweetened drink consumption and
weight gain due to increased adiposity.

The models did not control for physical
activity.

The study had a small sample size (n = 30
total, n = 21 for a second weight
measurement) that was not nationally
representative.

during which daily caloric sweetener consumption increased by
74 kcal/person. They atiributed about 82% of the increase in
caloric sweetener consumption to GNP and urbanization shifts.
They credited the remaining 18% increase in caloric sweetener

Table 4 Review of randomized controlled trials on the association between HFCS and weight gain

consumption o unmeasured factors, such as changes in food
production and/or consumer behavior. No assessment of the rela-
tionship between caloric sweetener consumption and overweight
and obesity was undertaken.

Study

Type of Analysis

Summary of Results

Remarks

James et al., 2004

Cluster RCT

Focused educaticnal intervention program
on carbonated drink consumption and
overweight and obesity in 644 children
aged 7-11 years

The children were recruited from six
primary schools in southwest England
and assigned o one of the 29 study
clusters which were each randomly
assigned to the intervention or control
group.

Children in the intervention clusters
participated in a program designed o
emphasize the consumption of a
balanced healthy diet and to discourage
the consumption of both sweetened and
unsweetened “fizzy” drinks.

Included anthropometric measurements
taken at six-month intervals and 3-day
dietary records (two weckdays and one

weekend) obtained at baseline and at the

end of the trial.

Observed a decrease in carbonated drink
consumpiion of 0.6 glasses/3 days {50
mY/day} in the mtervention group with
an increase in carbonated drink
consumption of 0.2 glasses/3 days (17
mb/day) in the coatrol group.

Mean percentage of overweight and obese
children decreased by 0.2% in the
intervention group and increased by
7.5% i the control group. The percent
difference of overweight and obese
chiidren between the intervention and
conirol groups was staistically
significant (7.7%; 95% Cl = 2.2% to
13.1%).

Differences in average BMI values (0.1
kg/m?; 95% CI = -0.1 kgim®t0 0.3
kg/m?) and z-scores (0.04; 95% CI =
-0.04 10 0,12} between the intervention
and contro} groups were not statistically
significant.

Because only the United States produces
carbonated drinks sweetened with
HECS, the sweetened “fizzy” drinks in
this study were most likely sweetened
with sucrose.

The data are not nationally representative.

Taylor & Francis grant permission to The Corn Refiners Association
for this article to feature on www.hfcsfacts.com until 6% August 2012
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Summary of the Ecological Studies

None of the reviewed ecological studies investigated the re-
lationship between HFCS availability in the food supply and
population BMI vaives. Gross et al. also inappropriately used
the term “corn syrup” in their anaiysis. HFCS, composed mainly
of fructose and ghicose, is a sweetener derived from corn that
is widely used in commercial food production. The term “comn
syrup,” which many individuals equate with Karo® Syrup, is
an entirely glucose-based com sweetener that was developed
for use in the home, Other giucose-based corn sweeteners are
produced for use in commercial food production. However, un-
iike HFCS, their per capifa consumption has remained relatively
unchanged since 1966 (USDA, 2004). Hamack et al. examined
trends in the availability of corn sweeteners, which presumably
included the glucose-based corn sweeteners in addition to HFCS,
but they did not examine the relationship between corn sweeten-
ers and BMI. Nielsen and Popkin analyzed soft drink and fruit
drink consumption trends and did not examine their relationship
with BMI. Popkin and Nielsen investigated caloric sweeteners,
which could include sucrose, glucose, fructose, HFCS, and other
saccharides, but did not estimate the relationship between caloric
sweeteners and BML

Current ecological studies neither support nor invalidate a
hypothesized relationship between HFCS availability and BMI.
The increase in BMI values in the U.S. popuiation since the
1970s may have originated from any number of concurrent
trends, such as, but not limited to, changes in energy intake
from a variety of food sources (Harnack 2t al,, 2000), an increase
in sedentary occupations {Lakdawalla and Philipson, 2002), an
increase in workforce participation among women {Anderson
et al., 2003; Crepinsek and Burstein, 2004}, and a decrease in
physical education (PE) classes and extracurricular sports pro-
grams in schools (Andersen et al. 1998).

EPIDEMIOLOGIC EVIDENCE
Overview

Epiderniclogical research can include tongitudinal, cross-
sectional, and case-control studies. Each type has weli-known
strengths and limitations (Coggon et al., 1997, 1997, 1997). Our
literature search found longitudinal and cross-sectional stud-
ies that directly or indirectly examined the relationship be-
tween HFCS consumption and the prevalence of overweight
and/or obesity. No case-control studies on this relationship were
found.

Many studies described in this section use the term “sugar-
sweetened” soft drinks or beverages. Sugar is often consid-
ered synorymous with sucrose, and this creates the poten-
tial for confusion, We have continued fo use the terminology
chosen by the study authors, but it is important to note that
most of the beverages in the United States are not actually
sweetened with sucrose. The beverages may use a variety of
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caloric sweeteners, the most common of which is HFCS-55. In
other countries, sucrose remains the primary sweetener used in
beverages.

Literature Review of the Cross-Sectional Studies

Forshee and Storey (Forshee and Storey, 2003) found that
BMI had a statistically significant and positive relationship with
diet carbonated soft drink (DCSD) consumption for both boys
{p < 0.05) and girls {p < 0.05). Since DCSD contain litile,
if any, energy, these beverages were most likely a marker, not
a cause, of higher BMI values among study participants. Gver-
weight children are more likely fo consume DCSD in an attempt
to control or decrease their weight. BMI did not show an associa-
tion with regular carbonated soft drink (RCSD) or fruit drink/ade
consumption. '

A study by Forshee et al. (Forshee et al., 2004} found that the
consumption of DCSD was positively associated with BMI for
fernales using 24 hr data. Neither RCSD nor fruit drinks/ades
were associated with BMI for females or males. In the FF(Q,
consumption of DCSD was also positively associated with BMI
for females. No relationship was observed between any other
beverage consumption category and BMI for either females or
mates,

French et al. (2003) analyzed soft drink consumption trends
among children aged 6-17 years. These authors found that the
overall prevalence of soft drink consumption among children
aged 6-17 years was 48% higher in 1994-96, 98 than in 1977
78. Mean soft drink intake increased from 3 to 12 oz/day (155
0 370 g/day). The relationship between soft drink consumption
and BMI was not examined.

Giammattei et al. (2003) investigated the relationship be-
tween BMI, television viewing, and regular and diet soft drink
consumption among 305 non-diabetic sixth and seventh grade
students from 3 different schools in Santza Barbara County,
California. They discovered that 17.9% of the students were
at-risk of overweight, while 17.4% of the students were over-
weight. Only the number of hours of television viewing on a
school night and the total number of soft drinks consumed per
day were significanily associated with BMI. When regular and
diet soft drinks were analyzed separately, BMI z-scores and per-
cent body fat remained positively and significantly associated
with diet soft drink consumption only. BMI z-scores and per-
cent body fat were not significantly associated with regular soft
drink consurmption.

Grant et al. (2004) stdied the relationship between anthro-
pometric status and macronutrient intake among Pacific Island
children aged 2-5 years living in New Zealand, After adjusting
for age and gender, the obese children consumed significantly
more total energy than did the non-obese children. The obese
children consumed more of all types of foods, not just more of
specific foods, than did the non-obese children.

Nickias et al. (2003} analyzed the relationship between
BMI and food consumption patterns among 1562 African-
American (AA) and Eurc-American (EA) 10-year-olds. The
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authors found that EA males and EA females showed positive as-
sociations between overweight and consumption of sweets and
sweetened beverages. For EA males and EA females, positive
associations were also found between overweight and consump-
tion of iotal foods and beverages, particularly from low-quality
foods. AA females showed negative associations between over-
weight and consumption of fruits/fruit jnices and froivfruit
juices/vegetables, total number of meals consumed, and con-
sumption of the breakfast meal. The total model explained about
4-8% of the variance in BMI for the various ethnic-gender
groups, and soft drink consumption alone explained approxi-
mately 1% of the variance in the model.

Rajeshwari et al, {2005) assigned sweetened beverages
o one of the following categories: soft drinks, fruit drinks,
iced tea with sugar, and coffee with sugar. Study participants
were categorized as non-consumers, low-consumezs, medium-
consumers, or high-consumers of sweetened-beverages. Be-
tween 1973 and 1994, mean BMI significantly increased for
each of the four sweetened-beverage consumption categories.
However, Rajeshwari et al. found no differences in mean BMI
among any of the four consumption categories.

In their study of snacking trends among individuals aged 15—
29 years, Zizza et al. (2001) found that sweetened beverages
(regular soft drinks, diet soft drinks, and fruit drinks) were one
of the major confributors of energy from snacking occasions.
The relationship between snacking and BMI was not examined.

Summary of the Cross-Sectional Studies

The overall evidence for a positive association between con-
sumption of soft drinks (HFCS proxy) and overweight and/or
obesity is limited. Of the six cross-sectional studies that directly
or indirectly investigated the relationship between soft drink
consumption and prevalence of overweight and/or obesity, only
Giammattei et al. and Nicklas et al, found a positive association.
Two of the reviewed studies, French et al. and Zizza et al., did
not include an analysis of the relationship between soft drink
consumption and BML

In Giammattei et al., the association appears to be between
the consumption of diet drinks and BMI. The reported associ-
ation between regular soft drinks and BMI was not significant.
Furthermore, Giammatfei et al. found that only the sixth- and
seventh-grade children who were consuming >3 soft drinks/day
were more likely to have BMI values >83th percentile. This level

of soft drink conswmption is relatively large compared to the av- .

erage soft drink consumption among children within this age
group.

We conducted an original analysis to estimate the average
consumption of soft drinks and the percentage consuming >3
sofi drinks/day among the age group used in the Giammattei et al.
study. We analyzed the most recent nationally representative data
available—NHANES 19992002 (CDC, 2005)-and found that
the mean combined consumption of regular fruit drinks/ades and
RCSD for children aged 1112 years is 450 g/day (95% CI ==

R. A.FORSHEE ET AL.

397 t0 503 g/day), or about 1.2 12-oz servings/day. We found
that only those children above the 90th percentile consumed >3
soft drinks/day.

Nicklas et al. discovered that soft drink consumption ex-
plained approximately 1% of the variance in the model. The
authors hypothesized that overweight status is not the result of
a single eating pattern.

Four of the six studies do not support a relationship between
consumption of & specific type of beverage (Forshee and Storey;
Forshee et al.; Rajeshwari et al.) or a specific macronutrient
{Grant et al.) and prevalence of overweight and obesity. Because
sucrose and HFCS contain similar F:G ratios, the results from
the Grant ef al. study are relevant to the HFCS debate.

Literature Review of the Longitudinal Studies

The expert panel examined seven longitudinal studies that
assessed the relationship between soft drinks--often utilized as
a proxy for HFCS—and BMI of pre-schoolers, children, ado-
lescents, and adult women.

Berkey et al. (2004) analyzed the relationship between BMI
and intakes of sugar-added beverages, milk, fruit juices, and
diet soda in a cohort of more than 10,000 males and females
aged 9-14 years in 1996. These authors found a positive associ-
ation between BMI and sugar-added beverage consumption for
boys, but the association was not statistically significant for girls.
When total energy was included int the model, the associations
were not significant for either boys or girls. '

In a cohort of 8203 girls and 6774 boys aged 9-14 years in
1996, Field et al. (Field et al., 2004} investigated the association
between BMI and the intake of various snack foods, including
sugar-sweetened beverages. No relationship was found between
the snack food intake and the annual change in BMI for ei-
ther girls or boys. According to these authors, “[wihen servings
per day of sugar-sweetened beverages were included as snack
foods the association between snack food intake and change
in BMI z-score was similar to the main findings” (Field et al,,
2004).

Ludwig et al. (2001) examined the relationship between BMI
and consumption of sugar-sweetened drinks among a cohort of
548 ethnically diverse schooichildren aged 11-12 years enrolled
in Massachuseits public schools, Over 19 months, the average
sugar-sweetened drink consumption increased from 1.22 0 1.44
servings/day—a difference of 0.22 servings/day. There was a
positive association between sugar-sweetened drinks and BMI
with & magnitude of a 0.24 kg/m?® increase in BMI for each
additional serving/day increase in sugar-sweetened drink con-
sumption. For the average increase in sugar-sweetened drink
consumption (0.22 servings/day), this model predicted a BMI
increase of 0.05 kg/m? assuming all other variables in the model
remained constant. Nielsen and Popkin {2004) reported that be-
tween 1977 and 1996, the mean consumption of sweetened bev-
erages increased from 2.02 to 2.55 servings/day for a mean in-
crease 0f 0.53 servings/day. Using the Ludwig et al. estimate, the
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predicted increase in BMI would be 0.13 kg/m? for an increase
of (.53 servings/day of sugar-sweetened drink consumption,

Newby et al, (2004} explored the relationship between bev-
erage consumption and changes in BMI in a cohort of 1345
chiidren aged 2-3 years. These authors found no significant re-
lationships between any of the beverages analyzed and BMIL

Schulze et al. (2004) examined the relationship between
sugar-sweetened beverage consumption, weight change, and
risk of type 2 diabetes among women aged 24—44 years at study
initiation in 1989. More than half of the respondents were ex-
cluded from the Schulze et al. analysis because of various exclu-
sion criteria. Those individuals with the greatest increase (<1
drink/week to >1 drink/day) in their sugar-sweetened beverage
consumption experienced a greater weight increase than other
respondents. Those individuals with the greatest decrease (>1
drink/day to <1 drink/week) experienced a smalier weight in-
crease than other respondents. There was no difference in weight
gain between those individuals who were consistently low con-
sumers, consistently high consumers, or who made a smaller
change in their consumption of sweetened beverages.

The low-high (<1 drink/week to =1 drink/day) consump-
tion category only contained about 2% of the study sample,
About 75% of the study sample was located in the low-low
(consistent at <I drini/week) consumption category, and about
5% of the study sample was located in the high-high (consis-
tent at >1 drink/day) consumption category. The results of the
stady suggest that those individuals in the high consemption
category could benefit by reducing their consumption to <1
drink/week and that those individuals in the low consumption
category could benefit by limiting their increase to no more than
2-6 drinks/week. Smaller changes in sweetened beverage con-
sumption did not show any differences in weight gain.

Janket et al. (2003) examined the relationship between risk of
type 2 diabetes and intakes of totai caloric sweeteners, sucrose,
fructose, glucose, and lactose among & cohort 38,480 female
health professionals and found no association between the low-
est versus highest consumption categories of total caloric sweet-
eners, sucrose, fructose, glocose, or lactose and risk of type 2
diabetes. Neither fructose nor glucose—the main components of
HFCS—were related to the risk of developing type 2 diabetes,
Sucrose, which has a F:G ratio very similar to that of HFCS,
was also not related to the risk of developing type 2 diabetes.

Mrdjenovic and Levitsky (2003} examined the effects of
excessive sweetened drink consumption [defined as >12 oz
(=370 g)day] on total energy intake and weight gain among
30 children aged 6-13 years attending the Comell Summer
Day Camp in 1997. They found that children who consumed
>16 oz/day (>492 g/day) of sweetened drinks gained more
weight than did children who consumed between 6 and 16 oz/day
(186 and 492 g/day) of sweetened drinis, but none of these dif-
ferences was statistically significant. The authors observed that
“the sample size was too small (n = 21) to provide sufficient
power for the observed difference in weight gain to be statisti-
cally significant” (2003). It is also possible that the observed dif-
ference in weight gain was not significant due to the absence of a
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relationship between sweetened drink consumption and weight
gain.

Summary of the Longituding! Studies

Of the four jongitudinal studies examining growing children
or adolescents, Berkey et al., Newby et al., and Mrdjenovic and
Levitsky showed ne association between BMI and the consump-
tion of soft drinks, Only Ludwig et al. showed a significant in-
crease of (.24 BMI units over the previous 19 months for every
additional serving increase in sugar-sweetened drink consumy-
tion. Berkey et al. estimated a non-significant increase of 0.019
and 0.015 BMI units from the previous year for each serving
of sugar-added beverages consumed per day for girls and boys,
respectively. Becanse of the large sample size in GUTS, this is
a relatively precise estimate (95% CI = 0008 to 0.046 for
girls; 93% CI = —0.014 to 0.044 for boys, based on our cal-
culations). We caiculated the confidence intervals using Stata
“p2ci” program which calculates a confidence interval based on
the reported coefficient and p-value.

Janket et al. found no relationship between intakes of vari-
ous caloric sweeteners and the risk of type 2 diabetes, Schulze
et al. found that after four vears, women who increased their
consumption of sugar-sweetened beverages from <l/week to
> 1/day had higher BMI values by 0.47 kg/m? than did women
who consistently consumed <1/week. Only 2% of the women in
this study increased their sugar-sweetened beverage consump-
tion from <1/week to >1/day, while 75% of the study partici-
pants consistently consumed <1/week, Overall, the mean BMI
for the 96% of women who did not move from one extretne con-
sumption category to another (low-high or high-low) was statis-
tically indistinguishable regardless of the quantity of sweetened
beverages consumed.

Field et al. did not report the estimated associations between
sugar-sweetenad beverage consumption and BML

Estimating the Relationship between Current RCSD
Consumption Patterns and BMT

The potentialimpact of reducing RCSD consumption on BMI
is a function of the strength of the association between the two
and the amount of RCSD currently consumed. To assess this
potential impact, we conducted an original analysis and applied
current RCSD consumption patterns to estimates of the associ-
ation between soft drink consumption and BMI from the longi-
tudinal studies.

We obtained RCSD consumption data from NHANES 1969—
2002 (CDC, 2005)—the most recent nationally representative
survey available-—for females and mates aged 20+ years. These
data show that the majority of survey participants consume only
modest amounts of RCSD. We represented the full distribution
of RCSD conswmption via kernel density plots, which show
the distribution of a variable by approximating the probability
density function of consumption (Silverman, 1986). Similar to 2
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Figure 4 Kernel density distribution plot of regular carbonated soft drink (RCSD) consumption from NHANES 1999-2002 among males 20+ years. RCSD
consumption is shown as the nomber of 12-0z servings consumed per day, and each 12-oz serving is equivalent to 370 g. The line graph represents the kemet
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{740 g/day). The curve then asympiotically approaches zero with
small upticks at whole numbers of servings. Beneath each kernel
density plot is a rug plot to better visualize the extreme values
in the data, particularly the handful of respondents with very
high reported RCSD consumption levels. Each vertical line, or
“pipe,” represents a unique value for RCSD consumption., Above
about 10 12-oz servings/day (3700 g/day) the rug plot becomes
extremely sparse.

On the day of the 24HR, 59% of the females and 50% of the
males aged 20+ years did not consume any RCSD. The mean
consumption of RCSD was (.73 12-oz servings/day (270 g/day)
for females and 1.15 12-oz servings/day (426 g/day) for males.
In the 95th percentile of RCSD consumption, females and males
consumed 3.3 and 4.7 1 2-oz servings/day (1218 and 1722 g/day),
respectively,

One limitation of NHANES 19992002 is that the dietary
data are self-reported and may be subject to bias, particu-
larly under-reporting. The upper percentiles of consumption
observed in a 24 hr are generally known to be higher than
the upper percentiles observed from either longer-term mea-
surements of dietary intake or statistical estimates of usual
intake (Tran et al., 2004; Nusser et al., 1993; Carriquiry et al,,
1992).

Estimates of the relationship between soft drink consump-
tion and BMI from longitudinal studies and our estimates of
current RCSD consumption provide some parameters by which
to approximate the impact that eliminating RCSD consumption
would have on overweight and obesity rates in the United States.
The estimates of the association between soft drink consumption
and BMI in the longitudinal studies ranged from non-significant
to a maximum of a 0.24 kg/m?® change in BMI for each one serv-
ing/day change in soft drink consumption over 19 months. Using
the Ludwig et al. {maximum) estimate, a female at the 95th per-
centile of soft drink consumption who eliminated soft drinks
from her diet would reduce her BMI by about 0.825 kg/m?. Us-
ing the Berkey et al. (non-significant) estimate—a 0.02 kg/m?
change in BMI for each one serving/day change in soft drink
consumption—the same female at the 95th percentile of soft
drink consumption would reduce her BMI by only 0.066 kg/m?,

A Himitation of the discussion in this section is that it does
not consider any possible long-term, cumulative changes in BMI
as a result of changes in soft drink consumption. Extrapolating
bevond the time frames used in the studies reviewed is diffi-
cult. Such extrapolation requires an assumption that the change
increases proportionally with time. Rarely do we observe such
simple proportional relationships over time. Changes often de~
celerate with time or even turn around completely. Therefore,
in the absense of more direct evidence we can only offer vague
speculation about what might happen over greater lengths of
time and safely draw conclusions about what happens during
the duration of our studies.

While it is impossible to rule out that weight change may
continue beyond the time frames of the studies reviewed, the
current models do not allow accurate projections beyond the
original time frames,
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RANDOMIZED CONTROLLED TRIALS
Overview

Randomized controlled trials (RCTs) are often considered the
“gold standard” in research because they are not susceptible to
confounding and are less susceptibie to other forms of bias than
are other types of studies (Coggon et al., 1997), We found only
one RCT reported in the lterature on the relationship between
soft drinks and either BMI or weight gain.

Liferature Review of the Randomized Controlled Trials

James et al. (James et al., 2004} performed a cluster RCT to
study the effect of a focused educational intervention program
on carbonated drink consumption and overweight and obesity
in 644 children aged 7-11 years. Children in the intervention
clusters participated in a program designed to emphasize the
consumption of a balanced healthy diet and to discourage the
consumption of both sweetened and answeetened “fizzy” drinks
(most likely sweetened with sucrose). James et al, observed a
decrease in carbonated drink consumption of (.6 glasses/3 days
(50 ml/day)in the intervention group with an increase in carbon-
ated drink consumption of 0.2 glasses/3 days (17 ml/day) in the
contrel group. Mean percentage of overweight and obese chil-
dren decreased by 0.2% in the intervention group and increased
by 7.53% in the control group, and this difference was statisti-
cally significant. However, differences in average BMI values
(0.1 kg/m* 95% CI = 0.1 kg/m® to 0.3 kg/m®) and z-scores
(0.04; 95% CI = —0.04 to 0.12) between the intervention and
control groups were not statistically significant,

Summary of the Randomized Controlled Trials

There are no RCTs examining the direct relationship beiween
HFECS consumption and overweight and obesity. The sweetened
“fizzy” drinks studied by James et al. were almost certainly
sweetened by sucrose, not HFCS, given that the study was con-
ducted in Great Britain. Furthermore, James et al, did not show
any difference in carbonated drink consumption and BMI be-
tween the treatment and control groups.

THEQRIZED MECHANISMS
Overview

Three hypotheses have been proposed to support the argu-
ment that HFCS plays a unigue role In weight gain compared
with other caloric sweeteners. These hypotheses include:

1. HFCS increases the F:G ratio in the food supply, causing
adverse metabolic effects that either directly or indirectly
lead to weight gain.
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2. HFCS is “sweeter” than sucrose, leading to over-
consumption of foods containing HFCS and weight gain.

3. Consumption of beverages, which are almost exclusively
sweetened with MFCS, does not stimulate satiety signals,
leading to over-consumption and weight gain.

BFCS Increases the F:G Ratio in the Food Supply

The term “high fructose corn syrup” has generated some
confusion, HFCS is high in fructose compared to the original
dextrose-based comn syrups, which contain no fructose. HFCS
is compositionally similar to sucrose, which contains a F:G ratio
of 50:50,

The confusion over the meaning of “high fructose” has led
some researchers to speculate that the introduction of HFCS
has increased the F:G ratio in the U.S. food supply. Fruciose
metabolism studies show that fructose absorption from the gut is
dependent on the presence of glucose (Riby et al,, 1993; Ravich
et al., 1083). Unabsorbed fructose is either fermented in the colon
or excreted in the feces. However, some researchers propose that
an increase in free fructose in the food supply has contributed to
adverse metabolic changes that have led to increased overweight
and obesity rates.

To address this gquestion, we conducted original research to
calculate the changes in total glucose and fructose availability
and the F:G ratio in the food supply since the introduction of
HFCS-42 in 1966, There are serious limitations to the USDA
Economic Research Service (ERS) food availability data, partic-
ularly if one needs to make inferences about associations at the
individual level. Our purpose here is only to assess the trends in

fruciose and glucose availability and their ratio. This provides
more information than is currently available about the impact
that the introduction of HFCS has had on the relative amount of
fructose and glucose in the food supply. This analysis is subject
to the same limitations discussed earlier regarding ecological
data. Ideally, the analysis should be conducted at the individual
level by examining the assoctations between fructose and glu-
cose consumption and BMI. Unfortunately, such data are not
currently available,

Many caloric sweeteners in the food supply contain various
formulations of fructose and glucose. Data for per capita sweet-
ener availability (Fig. 5) were obtained from the USDA ERS
disappearance series (USDA, 2005), Using the percentage of
fructose and glucose for each of the major sweeteners, we cal-
culated the total fructose and total glucose available from caloric
sweeteners in the U.S. food supply (Fig. 6). Data for the fruc-
tose and glucose composition of sweeteners were obtained from
Hanover and White (Hanover and White, 1993). The data in Fig.
6 do not include the glucose that is available from other carbohy-
drate sources (e.g. starches, maltodextrins, efc.) or the fructose
that is naturally available in certain fruits and vegetables.

Until the mid-1960s, sucrose was the primary sweetener in
the American diet. A 1993 study by Park and Yetley (1993} noted
that HFCS had replaced sucrose in many foods and beverages.
These scientists remarked that “from the standpoint of fructose
metabolism the source of fructose, whether free or from sucrose,
is not important because bound fructose is readily liberated in
the food product and in the small intestine. The total fructose in
the diet is the most important consideration.” (Park and Yetley,
1993) Although the type of sweetener used in the U.S., food sup-
ply has changed over the last few decades, the total amount of
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fructose (free and bound) from sweeteners has remained rela-
tively constant according to Park and Yetley. Since the F:G ratio
of sucrose and HFCS are nearly identical, replacing the free and
bound fructose from sucrose with the free fructose from HFCS
had virtually no effect on the availability of the total amount of
fiuctose from sweeteners. In the decade since the Park and Yet-
ley paper was published, however, soft drink (RCSD and fruit
drinks/ades) consumption has increased.

Data from the USDA ERS show that sweetened beverage
consumption increased between the late 1970s and mid-1990s.
In addition, Yen and Lin (2002) reporied that the percentage of
children and adoiescents who drink carbonated sof: drinks rose
from 44% in the 1970s to 49% in the 1990s. Average consump-
tion increased for children aged 6-11y and adolescents aged
12-17y.

There have been significant changes in the total availability of
caloric sweeteners in the 11,8, food supply. From 1966 to 1999,
the total per capita sweetener availability increased, despite some
temporary declines in the 1970s and 1980s, Since 1999, however,
the total per capita sweetener availability has declined by 5 1b
(2.3 kg)/person/year. The mix of sweeteners has also changed.
Sucrose availability fell substantially during the 1970s and early
1980z before stabilizing in the mid-1980s. HFCS-42 began to
be incorporated into the food supply around 1970 and has since
steadily increased. HFCS-55 began to be uvtilized in the mid-
1970s, increased rapidly in the early 1980s, and continued to
gradually increase untl 1999.

We conducted a new analysis of the USDA HRS food avail-
ability data 1o examine the ratic of fructose to glucose since
1566. Throughout this time period, the availability of glucose

was more than 10 1b (4.5 kg)fperson/year higher than the avail-
ability of fructose, and the trends in total fructose and total glu-
cose are very similar (Fig. 7). For each year, the total available
fructose was divided by the total available glucose to create a
ratio. For reference, we included a line at 1.0 to indicate what the
ratio would be if only sucrose were used in the food supply. The
FG ratio has been substantially less than 1.0, and has stayed
in a narrow range between (.71 and 0.80. From 1966-1975,
the F:G ratio actually fell as HFCS-42 (42:53 ratio) was replac-
ing sucrose (50:50 ratio) ir some foods, With the introduction
of HFCS-55 (55:42 ratio), the F:G ratio began returning to ifs
previous level before the introduction of any HFCS product. In
2002, the F:G ratio was 0.79 compared to 0.78 in 1966.

These trends contradict the hypothesis that the infroduction of
HFCS increased the F:G ratio in the U.S. food supply. Moreover,
most RCT stadties of fructose consumption have used F:G ratios
well above 1.0. For example, in Swanson et al. (1992) subjects
in the fructose treatment consumed 100 g of fructose, 10 g of
sucrose, and 23 g of “ather” carbohydrates. Even if afl 23 g of
“other” carbohydrates are assnmed to be glucose, the F:G ratio
for these subjects wouid be 3.73, which is more than 4 times the
largest F:G ratio typically observed in the food supply.

HFCS is “Sweeter” than Sucrose

The monosaccharides—fructose, giucose, and galactose—
and the disaccharides-~lacfose, sucrose, maltose, and
trehalose—have varying degrees of sweetness. Of the monosac-
charides, crystalline fructose imparts the “sweetest” taste with
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Figure 7 Relative availabitity of fructose:ghicose (F:G) in the U.8. food supply from 1966 to 2002. The line graph represents the ratio of per capita availability
of fructose from al} sweetener sources and per capita availability of glucose from all sweetener sources based on USDA ERS data. The straight line at 1.0 represents
the theoretical I=G ratio if sucrose were the only sweetener available in the food supply. Figure produced by authors,

a relative sweetness of 173 compared with crystalline sucrose,
which has been designated as the reference and set at 100.
Glucose, galactose, and lactose are less sweet than sucrose
with relative sweetness scores of 74, 33, and 16, respectively
(Biology, 2004).

Bray et al. (2004) hypothesized that HFCS-35 is much
“sweeter” than sucrose. They conjectured that a corresponding
increase in the sweetness of the food supply created cravings that
induced people to over-consume sweetened beverages, leading
to a positive energy balance and weight gain. Unfortunately,
the authors miscalculated the refative sweetness of HFCS-35
by using the sweetness value of crystalline fructose rather than
aqueous fructose, Expert sensory panels have confirmed that an
aqueous solution of fractose at 10% dry solids and room tem-
perature has a relative sweetness of 117 (Hanover and White,
1993). Cajculating the relative sweetness of HFCS-35 using the
sweetness value of agueous fruciose yields a sweetness value
almost identical to the aqueous sucrose standard. Moreover,
a recent study concluded that temperature had little effect on
sweetness intensity (Schiffman et al., 2000), Therefore, the hy-
pothesis that HFCS-55 is “sweeter” than sucrose and creates
cravings that induce over-consumption and weight gain seems
implausible.

Beverages, a Major Source of HFCS, do Not Stimulate
Satiety Signals

Although the underlying factors contributing to weight gain
are multiple and complex, it is widely acknowledged that weight
gain generally occurs because of a long-term imbalance be-
tween energy consumed and energy expended. Some scientists

hypothesize that overweight and obesity rates have dramati-
cally increased for both children and adults because soft drink
consumption (HFCS proxy) has increased since the 1970s. Al-
though weight gain can be linked to various patterns of over-
consumption, liquid calories are thought by some researchers to
be less satiating than calories obtained via consumption of solid
foods. The iack of satiety produced by soft drinks then leads to
over-consumption and weight gain.

Several mechanisms may account for liguid calories being
less satiating, The mastication of solid foods may stimuiate a
satiety signal that is not activated when liquids are consumed.
Initia] pancreatic exocrine and endocrine responses to oral stim-
ulation are greater for non-liquids than they are for liguids; initial
pancreatic responses that include insulin release may modulate
postprandial metabolism. This includes glocose tolerance with
possible hunger and eating effects (DiMeglio and Maties, 2000},

Satiation refers to the reduction in the amount of energy con-
sumed at a particular meal, whereas satiety refers to the reduc-
tion in the amount of energy consumed at a subsequent meai or
meals (Almiron-Roig et al., 2003). The total volume of a solid
or liquid appears to contribute to satiety; that is, consumption
of a large volume of {oods or beverages at a particular meal or
eating occasicn (snack) reduces the amount of energy consumed
at future meals or eating occasions.

Studies conducted by Rolls and colleagues show that high-
volume/less-energy-dense ligquids, such as soups, vegetable
tuices, and milk, are satiating because of their high water content
{Bellet al., 2003; Rolls et al., 1999; Rolls et al., 1990). Other re-
searchers contend that solid foods are more satiating (DiMeglio
and Mattes, 2000).

An RCT with 24 women aged 20-37 years with a mean
BMI of 22.6 kg/m® examined the effects of three isoenergetic
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{1128 k) preloads on satiety and subseguent food intake (Rolis
et al., 1999}, Participants consumed breakfast, lunch, and dinner
at the study site on four separate test days with at least one week
separating each test. Three of the test days included the con-
sumption of a preload prior to the lunch meal, while no preload
was consumed on the remaining test day (control). The three
preloads included chicken and rice casserole, chicken and rice
casserole with a glass of water, and chicken and rice soup.

Mean energy consumed during the control lunch meal (no
preload) was significantly greater (2693 &£ 166 kJ) than mean
enetgy consummed during the lunch meals preceded by either the
casserole (1639 4 148 kJ; p < 0.05), the casserole with wa-
ter (1657 =% 148 ki; p < 0.05), or the soup (1209 = 125 kJ; p
< 0.05) preloads. In addition, after adding the energy obtained
from the preload to the energy consumed during the subsequent
lunch meal, Rolls et al. found that the women consumed signif-
icantly less energy (16%) with the soup preload than with either
the casserole or the casserole with water preloads. Since energy
intakes during the dinner meal were similar regardless of the pre-
ceding lunch condition, the women did not compensate for the
reduced energy intake from the lunch meal with the soup preload.

DiMeglio and Mattes (2000) conducted a study examining
the effects of suppiementing the diets of 15 free-living indi-
viduals with 4530 keal/day from either jelly beans (solid load)
or carbonated soft drinks (liquid load). The duration of each
treatment was four weeks with a four-week washout pertod be-
tween freatments. For each four-week treatment period, the par-
ticipants were instracted to increase their total consumption by
ingesting the required amount of jelly beans [approximately 4
oz {113 g)/day] or carbonated soft drinks [approximately 3.2
12-o0z servings {1184 gY/day]. Twenty-four hour dietary recails
of food consumption were randomly conducted six times during
the four-week treatment pertods. The study included one hunger
rating experiment lasting 180 minutes.

Although participants were instructed to increase their caloric
consumption by 450 kcal/day over each four-week treatment pe-
riod (12,600 kcal total), physical activity did not increase signif-
icantly. The study reported a 118% compensation for the solid
load, but a -17% compensation for the liquid load. However,
there was po significant difference in hunger ratings. Mean body
weight increased by 0.3 kg and 0.5 kg during the jelly bean and
carbonated soft drink treatment periods, respectively. Mean BMI
increased by 0.1 kg/m? during both treatment periods. Although
the mean body weight and BMI increased after each treatment
peried, the increases were significant only for the liguid treat-
ment period (P < 0.05 for both). However, the change in mean
body weight and BMI was not statistically significant between
the two treatments.

Maore rigorous research focused on the satiety and satia-
tion differences of liquids versus solids is needed. Controlled,
metabolic feeding studies are also needed to refute or confirm
epidemiologic studies and to examine possible differences in ab-
sorption, metabolism, and utilization of HFCS versus sucrose.
Additional RCTs examining associations beiween weight gain
and consumption of sweetened beverages, various sweeteners,
and total energy, as well as studies designed to increase the un-
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derstanding of food intake behaviors, are needed. These RCTs
shonld include analyses of individual differences in blood lipids,
glucose tolerance, and certain hormones and peptides (i.e. in-
sulin, ghrelin, leptin, glucagon-like peptide, etc.) in response
to the consumption of various sweeteners. Currently, there are
no studies that directly compare biclogical responses of HFCS
VEISUS SUCTOSe Consumpiion.

RESEARCH GAPS

The expert panel identified several research gaps. No studies
examined whether HFCS is metabolized differently than su-
crose. This is a critical research gap and should receive the
highest priority for future research on this question. While it
appears likely that the biological effects of HFCS and sucrose
are sitnilar, it is premature to conclude whether or not there are
any differences in the mechanisms by which sucrose and HFCS
are metabolized in the absence of this important research. The
results from fructose studies can not be extrapolated to HFCS
because the typical F:G ratio found in these fructose studies is
much higher than the F:G ratio found in HFCS.

Updating the USDA food composition and nutrient daiabases
for key food groups should be the second priority. HFCS levelsin
most food products have not been quantified, and no information
conceming individual-level consumption of HFCS is cumrently
available. This is an important data need that prevents crucial
epidemiological research. Fructose levels in food products and
actual fructose consumption are also iargely unknown. Without
data on the HFCS and fructose concentrations of foods, it is im-
possible to identify the high consumers of fructose and develop
epidemiologic modeis of their relative risk for overweight and
obesity or other health endpoints. Furthermore, no analytical
chemistry methods exist to distinguish naturally-occurring di-
etary fructose from the fruciose added by manufacturers either
as sucrose or HFCS,

One specific research need is a more detailed investigation
of the vulnerabilities of sub-populations. Some sub-populations
may be particularly suscepsible to overweight and obesity due
to the over-consumption of caloric sweeteners, but there are
no studies addressing this possibility. Individeals with strong
family histories of overweight and obesity and/or those who are
entering life stages that are associated with weight gain need
particuiar attention.

Some more general research gaps should also be addressed.
Increased access to federally-funded longitudinal datasets is
needed in order to replicate the findings of other researchers.

Additional studies are needed to better measure energy ex-
penditure and its relative importance to weight control and pre-
vention of weight gain.

OVERALL STRENGTH OF THE EVIDENCE

The evidence that HFCS consumption uniquely increases the
risk of weight gain is very weak. Few studies directly explore
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the relationship between HFCS, body weight, and BML The
only evidence directly linking HFCS consumption and weight
gain is ecological data, Ecologicai data are widely recognized
as insufficient for establishing cause-effect relationships.

The prospective observational studies typically utilized soft
drinks as a proxy for HFCS. Three of the four studies of youth
reviewed in this manuscript found no association between soft
drinks and BMI while the third found a significant association
of 0.24 kg/m? for each one serving/day change in consumption.

Cited mechanisms proposing a positive relationship between
HFCS consumption and weight gain have major gaps. The hy-
pothesis that the increasing levels of HFCS in the food supply has
increased the F:G ratio is not supported by the USDA ERS food
availability data. The F:G ratic actually fell after the introduction
of HECS-42, rose slightly after the introduction of HFCS.535, and
is now currently only .01 higher than it was before the introduc-
tion of HFCS-42. The claim that HFCS is “sweeter” than sucrose
is not supported by expert sensory panels. This claim appears
to be the resuit of incorrectly calculating the relative sweetness
of HRCS-35 based on the relative sweetness value of crystalline
fructose instead of the relative sweetness value of fructose in
solution,

CONCLUSIONS

The impact of HFCS consumption on BMI must be put in
context with other broad economic and societal changes during
the past several decades. Many other plausible explanations for
rising overweight and obesity rates exist, including a decrease in
smoking (Janzon et al., 2004; Rodu et al,, 2004; Koh-Banetjee
et al., 2003); an increase in sedentary occupations (Lakdawalia
and Philipson, 2002); an increase in two-income households
and single-parent households (Anderson et al., 2003; Crepinsek
and Burstein 2004); transportation and infrastructure changes
that discourage physical activity (Bell et al., 2002; Lanningham-
Foster et al., 2003); a decrease in PE classes and extracurricular
sports programs in schools (Andersen et al., 1998); an increase
in sedentary forms of entertainment (i.e. TV/movie viewing,
video games, eic.) (Sternfeld et al., 2004); demographic changes
(ie, aging population, immigration, etc.) (Hedley et al., 2004;
UJSD-C, 2002; Guzman 2001); a decrease in food costs with
increase in food availability (Lakdawalla and Philipson, 2002);
and changes in food consumption patterns (Diliberti et al., 2004,
Binkley et al., 2000).

The expert panel concluded that the currently available evi-
dence is insufficient to impiicate FIFCS per se as a causal factor
in the overweight and obesity problem in the United States.
However, there are significant knowledge gaps and weaknesses
in existing research, so further research is warranted. Neverthe-
less, in a society that is experiencing unhealthy weight gain, itis
necessary for many individuals to reduce their energy intake, in-
cluding, but not limited to, energy provided from calorie-dense
foods and beverages. Many individuals also need to increase
their level of physical activity 1o help achieve and maintain a

R. A. FORSHEE ET AL.

healthy weight and to reap the other health benefits of physical
activity (USDA, 2005).
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Abstract

The refationship between obesity risk and sugar-sweetened beverage (S8B} consumption was examined {ogether with multiple lifestyle
factors, Statistical anaiysis was performed using population dietary survey databases of USDA CSFIY 1989-1991, CSFII 1694~1996,
CDC NHANES IHI, and combined NHANES 1999-2002. Totally, 38,409 individuals, ages 20-74 years, with accompanying data of
dietary intake, lifestyle factors, and anthropometrics were included in the descriptive statistics and risk analysis. Analyiicai resnlts indi-
catethat obesity risk was significantly and positively associated with gender, age, daily TV/screen watching hours and dietary fat content,
and negatively associated with smoking habit, education and physical activity; obesity risk was not significantly associated with S8B con-
sumplion patiern, dietary saturated fat content and totai calorie indake, No elevated BMI values or increased obesity rates were observed
in populations frequently consuming SSB compared to populations infrequently consuming 8SB. Additionally, one-day food consump-
tion data was found to overestimate S8B usuval intake by up to 38.9% compared to the data of multiple survey days. Conciusion: multipie
lifestyle factors and higher dietary fat intake were significantly associated with obesity risk, Populations who frequently consumed SSB,
primarily BFCS sweetened beverages, did not have a higher obesity rate or increased obesity risk than that of populations which con-
sumed SSB infrequently.
© 2007 Elsevier Ltd. All rights reserved.

Keypwords: Sugar, Beverage; Obesity; HFCS; Risk; Database

1. Introduction the increase in personal weight in Western countries

{Silventoinen et al., 2004). Several mechanisms on obesity

The prevalence of obesity is increasingly recognized as a
global health problem, and the WHO MONICA Project
has associated the increasing dietary energy supply with

Abbreviations: HFCS, high fructose corn syrup; S5B, sugar-sweetened
beverage; CSFIL, continuing surveys of food intakes by individuals;
NHANES, national health and nuirition examination surveys; BMI, body
mass index.
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prevalence have been proposed, but one obvious underly-
ing mechanism is a positive balance between energy intake
and energy expenditure. The consequence from excessive
weight gain and obesity, defined by body mass index
(BMI) equal to or over 30, is the increased risk of various
diseases, including cardiovascular disease and diabetes.
Obesity lowers quality of life, decreases productivity, and
results in billions of deilars in associated health care costs,
Currently, there are few indications that the increasing
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prevalence of obesity has reached its plateau in the US
(Blanck, 2006). Recent publications and commentaries
have suggested that the consumption of added sugars from
sucrose, high fructose corn syrup (HFCS), or sugar-sweet-
ened beverage (8SB) is & direct causative factor for the
development of obesity {Bray, 2004; Bray et al., 2004; Niel-
sen 2nd Popkin, 2004). Although some reports draw simple
correlations between obesity and SSB consumption using
popuiation trends and national food production data, these
approaches do not take into account the actual consump-
tion and event occurrence by individuals, nor do they
account for many other physical/medical aspects linked
with the event occurrence. Simple correlations must be
examined carefully when used to predict direct causality
of a non-communicable medical condition by using other
criteria (Hill, 1965), such as prospective intervention stud-
ies. Other reports have provided a more direct analysis on
causality of food intakes and body weight status by exam-
ining data or databases which contain individual records of
food consumption and anthropometrics (Janket et al.,
2003; Kvaavik et al., 2008; Schulze et al., 2004; Wu et al,
2004; Yang et al,, 2003).

During the last 30 years, high fructose corn syrup has
gradually replaced cane and beet sugar sucrose in most US
beverage applications. HFCS, like sucrose, is composition-
ally made up of approximately equimolar amounts of fruc-
tose and ghuicose. HFCS typicaliy comes in either 42% or
35% fructose content, with the remainder being mainly glu-
cose. In sucrose, the two monosaccharides, fructose and glu-
cose, are chemicaily bonded fogether while in HFCS, the
glucose and fructose are a simple mixture. During ingestion
and absorption, sucrose is hydrolyzed into fructose and ghu-
cose by stomach acid and cleaving enzymes in the digestive
tract, so that sucrose does not actually appear in the blood-
stream {Gray and Ingelfinger, 1966). Furthermore, the mix-
ture of glucose and fructose act differently than a pure
monosaccharide ingested singly (Riby et al,, 1993}, Nutri-
tionally and metabolically, it is unlikely that the human body
can distinguish whether the two monosaccharides come
from sucrose or HFCS once absorbed tnto the bloodstream.
It is alse interesting to note that even when sucrose is used in
soft drinks, as in Europe and Mexico, the sucrose is often
more than 50% hydrolyzed into fructose and glucose, which
helps to maintain a constant sweetness level during storage
and also due to the fact that sucrose inverts (hvdrolyzes)
spontaneously m acidic beverage conditions ({Birkhed,
1084; Marov and Dowlong, 1990; Riby et al., 1993},

Very limited long term prospective data are available to
examine the association between HFCS and obesity. In
general, it is very difficuit and expensive to conduct a pro-
spective population study to determine the effect of a single
dietary component on obesity occurrence. In this study, we
have used the approaches of descriptive statistics and
Logistic regressions using multipie dietary intake survey
databases to investigate the potential influence of multiple
lifestyle factors and sugar-sweetened beverage (SSB) con-
sumption on BMI profiles and obesity occurrence rates in

the US adult population. To our knowiedge, this is the first
work using the five population databases nationally sur-
veyed during 1988-2002 to examine a correlation between
obesity, certain lifestyle factors, and SSB consumption.

2. Methods
2.1. Databases and subjects

U$ food intake data were analyzed from the twe USDA Continuing
Surveys of Food Intakes by Individuals (CSFIE) 1985-1991 and 1994
1996, and the three CDC National Health and Nutrition Examination
Surveys (NHANES) IT] 19881994, NHANES 1999-2000, and NHANES
2001-2002 (National Center for Health Swetistics of CDC; The Food
Serveys Research Group, 1989-1991; The Food Surveys Research Group.
1994--1996). From these five food intake databases, 38,409 adults, who
had complete data records required for this analysis, were included in this
study, Relationships were examined between lifestyle factors/SSB con-
sumption and BM¥/obesity occurrence, Data records were selected for
analysis from adult population aged 20-74 years, as this population is
more stable and not as subject to lifestyle or development changes radi-
cally affecting height and weight over short periods of time. Additionally,
children and adolescents lack certain lifestyle data such as smoking habit,
education level, ete., which wouid bias the risk analysis. Elderly adults are
also subject i¢ more health-related issues that may affect body weight and
lifestyle patterns. In view of the relatively smaller sample sizes, we fol-
lowed the recommendations from the analysis guide for NHANES data,
and merged the databases of NHANES 19992000 and NHANES 260i-
2002 together as “NHANES 1999-2002".

2.2. Term definition and data categorization

Among these databases, some inconsistencies of criteria for data col-
lection exist, First, the number of days of survey periods was not always
the same. NHANES databases only have one-day (24 k) food intake data,
whereas CSFIT 1994-1996 database has two-day and CSFII 1985-1991
database has three-day food intake data. Secondly, methods for collecting
data on physical activity are different. In order to generate consistency, we
categorized physical activity for each individual as active/vigorous,
moderate, and minimal for each database, similar to the classification in
NHANES 1999-2002. Thirdly, for TV/screen watching time, some dat-
abases include computer time, others do not, and NHANES 11T did not
collect the data of TV watching time in the adult population. In this study,
TV/screen time is divided into three levels: less than 2 h, 24k, and more
than 4 h. Fourthly, for education records, CSFII databases use highest
school year attained, while NHANES 1999-2002 databases use categories
(under high school, high school diploma, or more than high school). We
used the latter for categorization of education level for all databases.
Smoker was defined as a person who currently smokes cigarettes, cigars,
and/or pipes. To analyze age effects, specific age groups were segmented
into either 5 or 10-year intervals. Lastly, as defined by the CDC, obesity is
characterized as an adult with a BMI = 30.

Sugar-sweetened beverages (SSB) were defined as caloric soft drinks,
colas, and sugar sweetened fruit beverages. Typically, these are predomi-
pately sweetened with HFCS in the US. Pure fruit juices and diet soft
drinks were not inchuded in this category. In total, 73 S8B products that
met the SSB definition were found in the databases. The frequent con-
sumers, or “users”, of SSB were defined as those individuals who consumed
any kind of $8B at Jeast once during the defined survey period. Otherwise,
individuals were categorized as infrequent 88B consumers, or 'non-users”.

2.3. Statistical method

SAS software (version 9.1, SAS Instivute, Cary, NC} was employed as
the statstical evaluation tool, Descriptive statistics on obesity rates, 8SB
intake amounts, sugars from $SB, daily energy, % fat calories, % saturated
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fat calories, BMI, and incidence of obesity were performed with adjust-
menis for population sample weights, Because of the dissimilarities of
survey length/days among the databases, we alsc examined how this
impacted the estimation of mean intakes for sugar swestened beverage
amounts using CSFII data, which have the data collected from multiple
days. The intake means between whole survey period (averages of 2 or 3
days) and only consiurming day(s) of CSFIT data were determined and then
refated to the 1 day data of NHANES surveys. As previously reported,
food and nutrient intake data in the population are usually not normally
distributed, potentially leading to inaccurate estimates of the usual intake
in the population {Nusser et al., 1996). We examined the data distribution
of 88B intakes and found the data to be right skewed. Thus, the SSB
intake data were power-transformed to an appreximate normal distribu-
tion, and the intake means were further calculated (Carriquiry, 2003;
Freedman et al,, 2004 Hoffmann ef al., 2002 Nusser et al., 1996). For the
purpose of comparizon, both means obtained from onginal data and
transformed data were reported.

Logistic regression (Logit) procedures were used to conduct the risk
analysis in the adult population {ape 20-74). For the risk analysis, obesity
status (yes or no) was used as the dependent variable in the analysis
models. Independent (explanatory) variables included SSB use, gender,
age group, current smoeker, education levels, TV watching hours, physical
activity level, fat intake level, saturated fa1 intake level, and daily energy
intake level Subjects who lacked these data were not included in the risk

" analvsis.

Table 1

Obesity occurrence by lifestyle and dietary factors in aduits (age 20-74)

3. Results
3.1. Obesity prevalence

Numerous statistical analyses of population data for
obesity prevalence in the US have been reported (Centers
for Disease Control and Preveniion: Morriil and Chinn,
2004), However, due to dissimilarities in population sam-
ples, methods of data collection, sampling deviation, and
statistical methods, reported occurrence rates of obesity
are often not identical even for the same time period. In
this study, we caleulated obesity occurrence by age groups
over the aduit population with age range of 20-74 vears
old. Table 1 Hsts the obesity occurrence percentages in
the defined adult population by gender, lifestyle factors,
SSB frequent/infrequent user, percent of fat calories, per-
cent of saturated fat calories, and energy intake levels.
The dzta indicate that: (1) obesity rates are increasing over-
time and women have a faster and higher upsurge; (2)
tobacco smokers have a lower obesity percentage; (3) a
higher physical activity level and a higher education level

Factors Categories % Obesity occurrence {weighted data)
CSFII 1989-1991, CSFII 19941996, NHANES 11T 1988-1994, NHANES 1998-2002,
n= 8974 n= 18507 m= 13741 n="T187
Gender Men 14.48 17.51 19.80 27.50
Women 14.89 19427 25.04 34.41
Smoking Yes 12.95 16.80 18.23 235,38
No 15.33 18.96 24.50 32,99
Education <High scheel 19.90 24.96 27.62 33,95
High school 15.96 20.90 15.08 33573
>High school 11,99 15.00 17.75 28.51
TV/screen hours <2 10,12 15.04 No data 2345
24 14.40 2130 Ne data 30.73
>4 19.54 2489 No data 40.82
Physical activity Active 7.535 13.78 16.70 18.78
Moderate 12.56 1472 18.97 30.35
Minimal 19.32 23.13 28.61 37.28
S5B user Frequent 15.17 18.30 20.05 3035
Infreguent 14.22 18.52 24.53 31.60
% Fat calories <30 10.61 15.98 19.55 26.59
30-39 14.28 20.73 24.00 33.04
=40 18.60 23.13 25.89 3114
% Satu.fai calories" <10 12.78 1550 19.85 28.06
0-<C15 16.43 19.27 23.23 3235
=15 16.63 23.05 25.68 35.80
Calories/day <1009 17.16 2230 28.24 37.87
100021 300 14.06 15,50 23.58 3232
1500-<2000 14.85 i8.80 2391 30.40
2000—<23500 13.79 1527 22.67 30.35
250023000 12.%4 19,08 22.58 29.10
300023500 16.99 16.59 15.55 35.52
3500+ 17.44 18.64 18.00 25.13

* Satu-fat = saturated fat
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are associated with lower obesity percentages; (4} longer
TV/screen watching time is linked to higher obesity

percentages; (5) S8B frequent users had similar obesity
percentages compared to infrequent users; (6} a higher

dietary fat or saturated fat content correlates with a higher

obesity percentage; and (7) the higher daily energy intake

levels appeared to be not related to an increased obesity

occurrence trend.

%Ohesity by SSB User and Age Group
(CSFH 1989-91, n=8,974, weighied data)

% 25 3% 3 4 45 50 55 60 68
Age grony (by 5 years)

% Obesity by SSB User and Age Group
(NHANES I, n=13,741, weighted data)

e T freg-user

20 28 3 35 40 45 50 55 60 465
Age group (by § years)

Mean BMI valnes and obesity occurrences between S5B
frequent and infrequent users by age group were compared.
Sample individuals were grouped by 5-year age interval.
Fig. la-d shows obesity occurrence percentages by age
group for the 4 data sets, while Fig. 2a--d shows the BMI
data for the same population and age groups. The obesity
occurrence rates from all databases except NHANES
19992002 show a similar increase in obesity until around
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Fig. 1. Obesity occurrence rates by S8B frequent {freg-)/infrequent (infreq-) users and age groups.
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Fig. 2. Mean BMI by S8B frequent (freq-)/infrequent {infreq-) users and age groups.
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age 50 years, followed by a decline. Percentages of obesity
from NHANES 1999-2002 data (Fig. id) extended this
maximum plateau to around 60 vears old, and the respec-
tive values being clearly increased compared to the other
survey data (Fig. la, b, or ¢ vs d} for corresponding age
groups. However, the curves of obesity perceniages are
intertwined between SSB frequent and infrequent users.
Meanwhile, curves of mean BMI between SSB frequent
and mfrequent users are much smoother and are basically
overlapping (Fig. 2a-d). These data suggest sampling error
may be a major reason for the intertwining of cbesity
curves. This arises because the sample n became smaller
after grouping subijects into each age group (by a 3-year
interval}. The fluctuations of the obesity curves between
SSB frequent and infrequent users did not show a clear pat-
tern among the databases. For example, the obesity rates in
a certain age group in the frequent users were neither
always higher nor lower than the values in infrequent users
for all databases. Thus, it is less likely that 8§B consump-
" tion pattern had a predictable impact in a specific age
group. For either obesity rates or BMI changes with age,
the shapes and magnitudes of the curves between SSB fre-
guent and infrequent users are essentially not different.
Fig. 3a~d presents the obesity and “overweight + obesity”
(BMI = 235) percentages in adults for each database. These
percentages substantially increase from earlier databases to
fater ones, but the data are comparable between corre-
sponding S5B frequent and infrequent users in each data-
base. Taken together, the data suggest that usual SSB
consumption by itself has little contributory effect on obes-
ity occurrence.

a %Overweight (OW) sied Obesity (OB) n Aduhs, Age 20-74 yr
(CSFT, 1989-199], n=7,387, weighted data)

1422 15.17
OW+0B [ OB OB OW+OB E OR
All Freg-user Infreg-user
c FeOverweight (OW) and Obesity (OB) in Adulis, Age 26-74 yr

(NHANES T11, 1988-19%4, 0=13,741, weighied data}
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3.2, 8§B, fat and energy intakes

Tables 2--4 present the intakes of S5B, energy and % fat
energy between obese and non-obese populations, The
means of S5B intakes were calculated using both of origi-
nal data and power-transformed data. Generally and in
this case, the means calculated from original data can rep-
resent actual consumption in the population more accu-

- rately without regard {o the data distribution, while the

means from transformed data can characterize a “typical”
consumption distribution more accurately. Whether one
uses the original or {ransformed dafa mean depends upon
your intended application of the data. In the current work,
the main focus was not {o investigate the 8B consumption
distribution, and, the outcomes for the analysis of obesity
risk would not be influenced by selecting one method over
the other to caleulate the SSB intake means, We did find
the presence of a small portion of very high consumers
skewed the distribution such that the original data means
were 13-40% higher than the means of the transformed
data. Although this skewing did not alter the conclusions
in our analysis for comparisons within a data set, it could
have a significant impact if one were to use original data
means as characteristic of S8B usual intakes. Both trans-
formed and non-fransformed data for SSB consumption
means are presented in Tables 2-4.

We found a second anomalous bias when comparing the
CSFII databases with the NHANES databases. After cal-
culating the SSB consumption means for the various
databases, we noted that the NHANES 11T data was much
higher than the corresponding CSFII data. As we defined

b G Overwelght {OW) snd Ohesity (OB) in Adults, Age 26-74 yv
(CSF1I, £994-1396, n=8.507, weighted datp)
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Fig. 3. Obesity and overweight occurrence in adults (weighted data).
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Tabie 2 :

8SB, energy, and fat intakes and the intake comparison between survey period and SSB consuming-day only data in adults, age 20-74 (mean{SI»),
weighted data, CSFII 19891991

Variable Survey period (3 days) data Only consuming day(s} data Ratios of consuming-day
only to survey period data

BMI < 30 4n = 3897}  BMI =>30(n==768) BMI<30(e=3897) BMI=+30(r="768) BMI<10 BMI=>130

SSB (g} 351.13 (348.72) 376.45 (303.27) 52285 (338.43) 522.96 (279.9) 1.337 1.389

S8 B {gp2° 28522 (16.67) 288,77 (15.32) 455 81 (35,02} 465,54 (35.59} 1.544 1.612

Sugars from S8B (g) 41.37 {36.67) 397 (3177 55.38 (35.7) 3524 (29.41) 1.339 1.391

Energy {keal) 2017.69 (764.81) 1635.47 (7195.33) 20193 {764,13) 1936.33 (794.31) 1.001 1.000

% S8B keal 8.58 (7.89) 8.87 (7.51) 11,77 {8.34) 12.65{8.27) 1.372 1.426

% Fat kecal 34,59 (6.98) 3594 {6.76) 34.32(7.02) 35.53{6.88) £.992 0.989

% Batu. fat keal 12,15 (3.15) 12.27 {291} 12.05 {3.18) 1232 (2.91) 5.952 0.988

BumI 23.91 (3.09) 34.03 (4.58) 23.91 (3.08} 34.03 (4.58) i 1

* Data obtained from power-transformed SSB intake values,

Table 3

SSB, energy, and fat intakes and. the intake comparison between survey period and SSE consuming-day only data in adults, age 20-74 (mean(SD})
weighted data CSFIT 19941998 :

Vartable Survey period (3 days) data Oniy consuming day(s) data Ratios of consuming-day
only to survey period data

BMI <30 (n=3705 BMI=>30(n=935) BMI<30(n=23705 BMI=>30{n=0935) BMI<30 BMI => 30

SSB (g) 514.23 (468.78) 498.39 {474.5T) 638.05 (488.05) 636,68 {480.21) 1,243 1.267

S5 B (g)-2* 386.02 {31.09} 389.44 (30.41) 529.36 (33.87) 540,21 (32.88)

Sugars from S8B (g) 54.66 {40.41) 52.85 (49.9) 67.96 (51.68) 66.94 (50.42) 1.371 1.387

Energy (keal) 22458} (924.84) 21238 (889.15) 2303.81 (981.67} 2199.27 (983.55) 1.026 1.036

%% SSB keal 10 {8.83) 10,37 (8.21) 12.82 (8.7) 13.27 (8.6} 1.282 1.280

% Fat keal 32.9(741) 33,98 (7.18) 32.18 (8.16} 33.19 (8.02) 0,978 0977

% Satu. fat keal 11.02 (3.16} 1131 (309 1079 {3.4) 112 {3.37) 0.979 £.973

BMI 24.32 (3.04) 34.53 (4.74) 24.32 (3.04) 34,53 (4.74) i 1

* Batz obtaimed from power-transformed S5B mtake values.

Tabie 4
SSB, energy, and fai intakes {mean(SD), weighted data, NHANES)

Variahle NHANES I 1988-1994 NHANES 1999-2002 Potentally over-estimated (%9)°
BMI < 30 (n = 5165} BMI =>30(r=1788) BMI <30 (n=2542) BMI=>30(n~=1213) BMI<30 BMI == 3¢

35B (g) 653.28 (463.94) 693.97 (494) T98.89 (654.77) 871.01 (631.09) 337 385

88 B (g-2" 520.94 (35.45) 555.37 (37.93) 606.04 (47.01) 682,56 (50.54)

Sugars from SSB (g)  70.14 (56.36) 7429 (52.96) 85.95 (70.91) 93.69 (68.87) 339 39.1

Energy (kealj 249542 {1162.64} 2315.88 (1049.56) 2496.39 (1122.63) 2428.63 (1033.45) - -

% S5B keal 1187 (8.55} 13.43 (9.15) 14.11(10.26) 16.05 (10.46) 372 426

% Fat keal 33.12 (8.98) 33.88 {B.B5) 3143 (8.81) 32.86 (8.72) - -

% Satu. fat keal 11.38 (3.89) 11.57 (3.68) 10.39 (3.65) 10.83 (3.62) - -

BMI 24.06 3,14 3517 5.32 2468 3.15 35.775.49 - -

® Based on the data obtained from CSFII 1989-1991 (Tahie 2},
® Data obtamed from power-transformed SSB intake vaives.

frequent users to be consumers anytime during the survey
period, NHANES data would contain only users consum-

for the entire survey period. The overestimation found
from using consuming day(s) only data versus survey per-

ing SSB on the one day surveyed, while users in the CSFII
database may be consumers on 1 and/or 2 and/or 3 of the
survey days. Since the total consumption for the survey
period was averaged over the number of survey days,
inconsistent consumers would be included, but their aver-
age daily consumption would be less than those identified
on a single day only survey. To further test this effect, we
analyzed each CSFII dataset by comparing consuming
day only values with the averaged consumption values

iod data was between 24% and 39% (Tables 2 and 3), with
overestimates being slightly higher for the BMI = 30
groups.

Both sets of CSFII data show little difference in SSB
consumpiion between obese and non-obese adults (Tables
2 and 3}, while NHANES data indicated that obese adults
had higher SSB intakes (40.7-72.1 g of 888, 0r 4.2-7.7 g of
sugars/day, or 16.5-30.8 keal/day) compared to non-obese
adults (Table 4). For daily energy intakes, the means of
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obese adults were found fo be either comparable to or
tower than the values of non-obese adults for all data
sources, Similarly, as shown in Fig. 4, daily energy intakes
were not proportionally related to BMI. However, obese
aduits consistently had somewhat higher fat intakes rela-
tive to total calories. Table 5 shows the daily energy intake
means by different levels of physical activity. Clearly, the
more active population always had a higher energy intake
than that of the less active populations, This data suggests
that a higher energy intake in a population does not auto-
maticaily mean an over energy intake, which is the funda-
mental cause of obesity occurrence.

33 Obesity visk

The potential influence of gender, age, education, multi-
- ple lifestyle factors and SSB consumption on obesity risk
was evaluated using Logistic regression {Logit} analyses.
In total, 106 variables were used for the Logit analyses,
which included gender, age group, smoker, education, TV
watching hours, physical activity, SSB user, % fat intake
levels, % saturated fat iniakes, and calorie intake levels.
The population consisted of 38,005 adults (age 20-74
years) who had complete data records suitable for the anal-
yses. Odds ratios {OR), 95% confidence intervals of OR,
and p-values for association with obesity risk were pre-
dicted for each explanatory variable in the model. Together
with daily energy intake level and saturated fat intake,
none of the analytical outcomes from the four datasets
{Table 6} indicated that sugar sweetened beverage con-
sumption was a significant explanatory factor for obesity
risk covering the 15 vear period of the surveys from 1988
to 2002. Gender, age group, smoker, education, TV watch-

35
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Fig. 4. Daily energy intake levels and BMI in adults (weighted data).

Table 5

ing hours, physical activity, and fat intake levels were
significantly associated with obesity risk (Table 6),

The outcome data in Table 6 provides the odds ratios
and statistical p-values for each independent variable,
together with more detailed sub-comparisons within a var-
iable that has more than two categories. The outcomes
from all four datasets indicate that women appeared to
have a higher susceptibility to become obese compared to
men (OR from 1.165 to 1.491), especially in recent years.
Age group influenced obesity risk with a pattern of
upsurge, piatean, then decline. The most obvicus obesity
risk increase was observed between the age groups 20+
and 30+ years, while the 30+ age groups being 30.9-
72.9% more likely to be obese than the 20+ age group.
When comparing 50+ t6 40+ groups, there was not a sig-
nificant difference noted. Further, for age groups 60+ or
70+, the obesity odds decreased by 20.1-40.1% in contrast
to the younger adjacent age group, except between 60+ and
50+ groups of NHANES 1999-2002 data {the OR was
1.039 and p = 0.6494 between them). Smoking habit was
found to be a streng factor linked to a2 lower chance of
becoming obese. AHl data of the four databases showed that
adult smokers were 35-40% less Hkely to become obese
compared to non-smokers. The population with a higher
education level also had a lower chance of being obese.
Compared to lower education levels, more than a high
schiool education population turned out always fo be asso-
ciated with lowered risk by 10.9-45.9%. Sedentary lifestyle
had the most apparent infiuence on obesity risk. For each
2-h additional TV/Screen watching time, the population
had a 20.8-54.1% increased chance of being obese. Typi-
cally, as shown with NHANES 1999-2002 data, a popuia-
tion with more than 4 h TV/screen time daily doubled their
likelihood of being obese compared to a population with
2h or less the time. The physically active population
decreased their odds of being obese by 18-56.7% relative
to physically moderate or inactive populations. Dietary
fat content was alsc a meaningful facior linked with
increased obesity risk. Each intake level increase of fat cal-
ories (<30% to 30-40% to >40%) would lead to 7.9-26.5%
higher chance of becoming obese. On the other hand. SSB
frequent consumption, dietary saturated fat content, or the
leve! of dietary calorie intake were not factors which had a
significant impact on obesity risk in the populaiions stud-
ied. The p-values (from 0.1467 to 0.8212) for Goodness-
of-fit tests of the models in Logit analyses indicated that
the dependent variable-obesity status was satisfactorily

“explained by the explanatory variables for all the

databases.

Mean calorie intakes by physical activity in adults, age 20-74 (keal/day, mean (SD), weight data)}

Physical activity  CSFII 1989-1991, CSFI 19941996,

NHANES III 1988-19%4, NHANES 1999-2002,

n = §974 n=3307 n=13741 r=TI187
Active 210597 (916.58) 23555 {1003.23) 2361.2 (1319.06} 235111 {1075.06)
Moderate 1811.39 (746.14) 204433 {828.31) 2244.04 (1058.05) 2328 (1015.53)
Minimal 1749.98 (686.6) 188508 {778.82) 2171.01 (984,36} 2174.24 {1050.06)
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Table 7
Fasting piasma leptin concentration (ng/ml) in aduits, from NHANES i1

N Mean Weighted mean 5D
SSB user
Infrequent user 3358 12.66 11.9¢ 1130
Frequent user 3057 1247 11.34 12.36
Gender
Men 2937 6.08 681 512
Infrequent user 1468 6.41 6.20 521
Frequent user 1468 5.76 5.82 5.00
Women 3478 18.03 16.61 13.04
Infrequent user 1890 17.52 16.29 12.33
Frequent user 1588 18.68 17.05 13.82

3.4. Leptin concenrrations

Recent studies have suggested leptin concentrations may
be modulated by fructose consumption (Teff et al., 2004).
The NHANES 1II database contains fasting serum mea-
surements of some biochemical markers, including the hor-
mone lepfin. Leptin concentration means were calculated
between adult 8SB users {frequent or infrequent) and by
gender. The data in Table 7 indicates that the leptin levels

- are virtually identical between adults with various SSB con-
sumption patferns {(means= 1247 and 12.66, medi-
ans = 11.34 and 11.90 ng/ml, for frequent and infrequent
users of SSB, respectively). The leptin mean in male fre-
guent users was slightly lower than the value of infrequent
users, and this scenario was reversed in women. Moreover,
women had almost a three times higher leptin concentra-
tion mean than that of men {18.05 and 6.08 ng/ml, respec-
tively). Assuming the users surveyed were chromnic users,
this data would suggest ieptin levels measured in fasting
serum were not infiuenced significantly by SSB consump-
tior. The data do not address acute, high dose administra-
tion effects of pure fructose or fructese from SSB, however.

4. Discussion

The recently released NHANES 2003-2004 data indi-
cate that the obesity rate has increased another 1.8%
compared to the rate of NHANES 1999-2002 in adults,
age 20-74 (from 30.96% to 32.76%, weighted data, ana-
Ivzed by the authors). The issue of added sugars in the diet
and their potential influence on health, in particular obes-
ity, has created a substantial controversy in nutrition, polit-
ical and policy circles. As a reaction to various reports,
recent nutrition guidelines have recommended reducing
intakes of added sugars (especially S5B) (USDA), school
systems are limiting access to or banning vending
machines, and food formuilators are being pressured to
remove added sugars from formulations. Considerable
tax dollars are now being spent or research to determine
how various added sugars are being metabolized. As more
detaited physioiogical mechanisms and nutrition theories
are elaborated, the ability to assess 2 meaningful relation-
ship between a smgle dietary factor and a physical or

medical outcome becomes more complex. Understanding
the observational significance of an isolated biomarker
can be difficult within the context of human homeostatic
energy balance, interactive metabolic and neuroendoctine
pathways, and net sugar carbon utilization. Along with
advances in statistical theory and computing tools for ana-
lyzing biological effects of dietary factors, answers to gues-
tions about how individual food components aflect obesity
occurrence are likely to become more assessable,

In this paper, descriptive statistics and logistic regression
of population survey databases over a 15-year period were
used to phenomenologically examine how multiple lifestyle
factors and consumption pattern of sugar-sweetened bever-
ages are related to BMI value and obesity risk. Outcomes
of the analysis indicate no substantive differences in BMI
and rates of obesity occurrence between frequent users
and infrequent users of sugar-sweetened beverages and
among energy intake levels (Figs. 1-4). Between obese
and non-obese adulis, SSB intake amount is essentially
identical in all databases except in NHANES 1999-2002
(Tables 2-4). In NHANES 1999-2002, obese adults had a
mean sugar sweetened beverage intake of 72 gfday more
than the mean infake value of non-chese adulis. The differ-
ence of SSB imtake represents about 9% or 7.7 g sugars
(31 kcal). However, ir: consideration with other factors that
potentially inflnence obesity occurrence as indicated i the
risk analysis, the noted frequent SSB intake in obese aduits
was not sufficient to be a significant factor for elevating
abesity risk {Table 6).

The higher energy intakes were not accompanied with
higher BMI values or obesity rates (Fig. 4 and Table 1},
This would suggest that high energy intake does not neces-
sarily equate to an over-energy intake on a population
basis. Populations with higher energy intake without
accompanying higher BMI may partiaily be explained by
individuals being engaged in higher energy expenditure
{e.g. heavy laborers, athletes, and reguiar exercisers}. The
data in Table 5 show that physically active people did
indeed have much higher energy intakes. These data simply
indicate that the obese population is not required to have a
higher energy intake level compared to the non-obesg pop-
ulation and that a person who has higher energy intake is
not necessarily obliged to have an excess emergy intake.
An alternative explanation may be that some obese people
were on lower calorie diets or stopped consuming SSB, and
therefore, would be counted as SSB infrequent users. If this
possibility were true, the relevant statistical outcome could
be potentially influenced. On another point, we observed
that the adults with the lowest calorie intake {<1000 keal/
day) had the highest percentages of obesity, with the excep-
tion of CSFIT 1989-1991 data (Table 1}. The lower energy
intake level could also be caused by under reported food
intake amounts and this could further cause a bias in the
risk analysis. To test this, we further performed risk analy-
sis by excluding individuals in the lowest energy intake
group. SSB consumption patiern and energy intake levels
were still not significant factors for obesity risk (data not
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presented). Therefore, energy intake aione can not be a reli-
able factor for evaluating risk of obesity occurrence with-
out energy expenditure balance daia. Factors that do
significantly impact obesity rate and risk inchude gender,
age, education, smoking habit, physical activity, TV/screen
watching hours, and dietary fat content. Although these
factors have somewhat different impacts on obesity risk
{odds ratios) within and between databases, their effects
are the most obvious. Among the four food intake factors
used in risk analysis (SSB, fat, saturated fat, and energy),
only higher fat intake level significantly increased the risk
of obesity occurrence. In addition to the fact that {st can
be more efficiently stored by the body than carbohydrates
from over consumed energy (Armellini ¢t al., 1996; Horton
et al, 1993), a high fat diet, which usually has higher
energy density and superior palatability, can induce a per-
son to over consume energy. Although descriptive statistics
indicated a trend between saturated fat intake levels and
obesity rates (Table 1), the saturated fat intake was not sta-
tistically significantly correlated with obesity risk after
adjusting for the other factors.

The occurrence of obesity is linked to multiple factors.
Thus, a simple statistical analysis is less meaningful because
it may mislead when interpreting its outcomes, especially
for retrospective data. For example, the populiation with
higher emergy intake level generally had a lower rate of
ohesity, as shown in Table 1; however, we can not suggest
that a population with lower energy intake ievel is more
susceptible for obesity based on a statistical significance,
or vice versa. The results from mode! analysis using muiti-
ple factors indicated that energy intake was not a signifi-
cant factor infiuencing obesity risk, even if there were
clear wrends from descriptive statistics. Additionally, the
explanation of the differences in obesity rates between dat-
abases would require extensive analysis and interpretation.
For example, the higher obesity rates found in NHANES
1999-2002 may result from many factors, some of which
may not be quantified in all databases. This work of com-
paring environmental, behavior, diet, and other changes
between databases would be best treated as a separate
paper.

For the noted inconsistency of plateat age of obesity
rates between databases (Fig. 1), it is less likely due to
imprecise data management or data processing because
obesity classification is clear and its statistical calculation
is simple. The observed variation of obesity plateau age
among databases could result from sampling error, because
sample size significantly decreased after grouping by a
5-year interval. Another possibility could be that obesity
rates between age groups truly changed over time, We
did not investigate the details for the age shift of the obesity
plateau. One unexpected outcome was that NHANES TH
19881994 data exhibited a higher obesity percentage than
the later data of CSFIL 19941996 {Table 1), An explana-
tion for this inverse trend could be due to study design dif-
ference and sampling error. Body weight and height data
were collected using questionnaires in CSFII while actual

measurements were taken in NHANES. It is also possible
that some participants under-reported body weights and/
or over reported heights.

Nutrition professionals understand that people usually
do not consume a particular food item every day, and thus
one-day food intake data can be different from the data
collected from multiple days {Carriguiry, 2003; Freedman
et al., 2004; Hoffmann et al., 2002; Nusser et al., 1996).
Using CSFII databases, we compared the values of S3B
intakes between consuming day{s} only data and entire sur-
vey period data (3 days for CSFII 1989-1991 and 2 days
for CSFII 1994-1996} and found that one-day data can
overestimate SSB intake by 24-26% compared fo 2-day
data (Table 3) and by 34-39% compared to 3-day data
(Table 2). This suggests that some SSB frequent “users”
do not consume S8B every day and that caution is advised
when attributing a truly characteristic consumption
amount from one-day survey data. We also compared
“day-1 only” data with “only consuming day” data for
SSB consumption (data details not shown), The day-1 only
data are comparabie to “only consuming day” data for
CSFII 1994-1996, The sampling design could mostly
account for the noted similarity (a participant who had
ond day data must have the 1st day data). For CSFII
1989-1991, day-1 intakes of SSB, SSB-sugar and energy
are somewhat higher than the values of only consuming
day data (6.2-11.6% for SSB and 7.2-8.6% for energy).
Beyond the difference of sampling design (a participant
who had 2nd/3rd day data did not have to have the Ist
day data), day-by-day variation could account for the
noted slight increase. Thus, if comparing day-1 conly data
to survey period data, the noted overestimation rate jor
$SB consumption would be greater. Nevertheless, the
day-1 only data showed similar obesity rates between fre-
guent and infrequent SSB users {14.25% and 14.96% for
CSFII 1989-1991, and 18.74% and 18.46% for CSFIL
10941996, respectively, weighted data) as the data in
Table 1. Therefore, the results of risk analyses were deemed
to not be meaningfully influenced. These results further
indicate that a food intake survey with a larger number
of data collecting days can provide more reliabie data,
especially for evaluating intakes of ‘a single food item or
category, and that population mean intakes obtained from
one-day dietary data as NHANES can be significantly over
or under estimaied.

Commonly, the distribution of intake data for a food
itern or categorized food is not normal (most likely right
skewed). Under these circumstances, the means or percen-
tiles obtained from original data in users would not be
appropriate to describe its “usual intake” in & population.
In order to evaluate the population “usual intake” of the
food or nutrient intakes from the food, the skewed data
should be transformed into normel or approximately nor-
mal distribution. Thus, the obtained means can be more
accurate to describe the “typical” population intake status,
rather than, for example, percentile intakes; and obtained
parameters that are variance-related (such as SD or SE)
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or statistical comparisons that are variance-based {such as
t-test or ANOVA} can be valid. The terms of “usual or typ-
ical” intake is more often used in nuirition field. On the
other hand, the means and percentiles obtained from raw
data with skewed distribution are more often used in mar-
ket volume estimation or food toxicology evaluation, For

either situation, the more days data are collected from, .

the more accuraie the means could be. In this study, both
of 88B intake means from original data and transformed
data are giver (Tables 2-4), and its purpose is to better
describe 8SB intakes. We did not perform any data trans-
formation for the other three distary variables (% fat
energy, % saturated fat energy and total energy) analyzed
in this work, because they are nutrient intakes rather than
food intakes, data examination showed that they were nor-
mally or basically normally distributed, and afier categori-
zation, these data would not impact risk analysis.

We noted several reviews related to the issue of SSB con-
sumption and obesity. Two of the three reviews concluded
that there is insufficient scientific evidence t¢ suppert the
hypothesis of a SSB-obesity link (Bachman et al., 2006;
Pereira, 2006), and one review concluded that SSB is asso-
ciated with weight gain and obesity {Malik et al., 2006}, To
compare our data with other prospective, longitudinal,
experimental, and/or cross-sectional studies, we reviewed
a number of papers which contained sugars consumption
data and BMI values. Te date, only a few population
folow-up studies have been conducted in which one may
assess the influence of SSB consumption on obesity risk
and BMI changes. Schulze et al. (2004} reported their anal-
ysis based on the American Nurses” Health Study 11 data
collected from 1991 to 1999, of 51,603 nurses with initiat-
ing age of 24-44 years old. Subgroup analysis provided a
continuous S8B user group with high consuming frequency
(=1 SSB drink/day, 2366 nurses), a continuous SSB user
group with low consuming frequeney (<1 SSB drink/week,
38,737 nurses), an “other” group (8473 nurses), and two
additional groups which switched from low to high con-
sumption as defined above or visa versa. During the more
than 8-year follow-up, less than 4% of the nurses changed
their SSB consumption patterns from “low to high” (1007
nurses), or “high to low™ (1020 nurses). More than 96% of
the nurses maintained their SSB consumption patterns
either at “low, high, or other”. This data suggests that
SSB consumption patterns in an adult population are fairly
stable, at least in female nurses. Based on this data, the
validity of categorizing an individual as 88B frequent user
or non-frequent user using 1, 2, or 3-day dietary intake
records in our analysis is supported. Secondly, although
weight gain across all groups during the 8-year follow-up
was observed, no differences in body weight and BMI
changes were noted between groups of SSB low consuming,
the high consuming, and the other consuming pattern
groups which represented more than 96% of the subjects
of the study cohort. These observational outcomes support
our findings that SSB consumption pattern is not a signif-
icant factor on obesity risk and BMI changes.

On the other hand, 1.95% of the cohort (1007 nurses) in
Schulze’s study, who changed their SSB consumption from
low to high, had more weight gain than that of the other
groups mentioned above {about 1.5 kg more than the
constant consuming group during the first 4 years and
2.0 kg more during the 2nd 4 vears). The other 1.98% of
the cohort (1020 nurses), who changed their SSB consump-
tion from high to low, had less weight gain (about 2 kg less
than the constant consuming groups in each 4-year period).
Based on these outcomes from less than 4% of the total
study cohort, the authors concluded “Higher consumption
of sugar-sweetened beverages is associated with a greater
magnitude of weight gain...” However, this conclusion
was not reconciled with the data from the 96% of the
nurses who did not change their dietary beverage pattern.
Also, the baseline BMI means of the nurses who changed
their SSB consumption patterns, either from low to high
or vice versa, were significantly higher than that of the
other nurses, This suggests that the observed moderate dif-
ference in weight change in this 4% of nurses could be
caused by other facters. Moreover, a 3 kg body weight
change is roughly equal to one BMI unit change for a med-
ium-sized adult female. The study did not indicate whether
this BMI rise ajtered the healthy weight status of the
individuals. Another cohort follow-up study {Kvaavik
et al., 2003) observed no BMI differences among long term,
sugar-sweetened carbonated soft drink high consumers,
inconsistent consumers, and low consumers after § years
following-up (1991--19%9) in 443 men and women at initial
mean age of 25 years oid. In this cohort, the mean sugar-
sweetened soft drink consumption of high, consistent,
and low consumers were 965, 257, and 82 g/day in men
and 470, 192, and 43 g/day in women, respectively. Mean
BMI values of high, inconsistent, and low consumers at
end of the follow-up were 235.3, 25.9, and 25.6 im men
and 24, 23, and 23.4 in women, respectively. There was
no association noted between sugar-sweefened soft drink
consumption and BMI changes.

To further support our findings, several additional stud-
ies have been published which examine the effect of dietary
added sugar consumption on population health endpoints.
Although these studies were not conducted to rigorously
examine the relationship between SSB/sugar consumption
and body weight per se, the reported data can be examined
as to its consisiency with the findings herein. fanket et al.
{2003) examined the influence between the intake levels
(quintiles) of sugars and the incidence of type 2 diabetes
in 38,480 women from the Women’s Health Study. These
authors reporied that women in the higher baseline intake
quintile of sucrose and total carbohydrates had the lower
BMI mean, Wt et al, {2004} investigated the influence of
dietary carbohydrate load on C-peptide concentrations in
women {n = 1199). Their data indicated that the percentage
energy from sucrose increased from 7.5% to 8.8% to 10.4%
across the first, third and fifth guintile respectively. Per-
centage energy from free fructose increased from 2.7% to
4.9% 10 8.5% across the first, third and fifth quintiles, while
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energy from total fructose increased from 6.4% to 9.3% to
13.7% in these groups. The mean BMI values for each of

the respective guintiles were 26.2, 23.2, and 25.4, respec--

tively, Adjustment for energy and glycemic load did not
alter these trends substantially, other than BMI values
decreased from first to third and/or to fifth guintile. Con-
sequently, intake levels of sucrose, free fructose, and total
fructose loads were negatively correlated or not correlated
with BMI. Yang et al. {2003) have reported that higher die-
tary intake quintiles of carbohydrates, total sugars, and
added sugars had no effect or a negative effect on mean
BMI values in American adult men and women (age 20
year and over, n= 11,855, NHANES Jil data). Taken
together, these reports are consistent with our findings on
S8B consumption and body weight status.

In the present analysis, the logistic regression excluded
vouths under age 20. Several published prospective or cross
sectional studies in this population may provide insight on
the effect of 55B use and obesity occurrence. Rajeshwari
et al, (2005) investigated the potential link between SSB
consumption and BMI in 10-year old children (n = 1548}
from 1973 to1994. Over the seven data collection periods
during the 20 years, they noted that there were no signifi-
cant BMI diflerences among groups who consumed S5B
in either the first, the second, or the third tertile of consum-
ers. Berkey et al. (2004) also reported that SSB consump-
tion was not a significant explanatory factor for yearly
BMI change in adolescents aged 9-14 years after adjusting
for energy intakes. This analysis included 3067 boys and
6688 girls using data coliected over a 2-year period
(1996-1998). Forshee et al. (2004} evaluated NHANES
HI data of 1749 adolescents aged 12-16 vears. Their anal-
ysis showed that consumption of SSB did not associate
with BM1 in their models, A significantly negative assocta-
tion with BMI was found for participation in team sports
and exercise programs. These authors concluded that
reducing sugar sweetened beverage consumption had the
smallest impact on reducing BMI.

Conversely, several published reports suggest that SSB
consumption may be related to BMI or weight gain, A
Denmark study conducted by Raben et al. (2002b) com-
pared the effect of sucrose-sweetened soda and diet soda
on weight gain in 41 overweight adult subjects. After feed-
ing the subjects experimental diets for 10 weeks, subjects in
sucrose-sweetened soda group (the mean intake of sucrose
from soda was 152 g/day} gained 1.6 kg weight and the
subjects in the diet soda group lost 1 kg weight. However,
the daily energy intake of the sucrose-sweetened soda
group was 600 kecal more than that of diet soda group.
Over the 10-week period, this would amount o an addi-
tional 42,000 kcal intake (600 kcal/day forl0 weeks), yet
only 1.6 kg (3.52 1) of weight was gained, or an equivalent
about 12,320 kcal. This inconsistency was nef explained.
Ludwig ef al. (2001) observed 548 children with 2 mean
age 11.7 years for 19 months to determine if SSB consump-
tion was linked to BMI It was noted that the mean SSB
intzke changed from 1.22 tol.44 servings/day after the 19

months and the percentage of obesity changed from
27.4% to 27.7%. There, obesity was defined as 285% of
age—gender specified BMI and triceps skinfoid thickness.
This differs from the obesity definition from the US CDC
and American Obesity Association, The risk analysis
showed that SSB consumption was not a significant factor
for obesity risk from baseline data, but the serving increase
of 8SB consumption from baseline was a significant one.

Lastly, the leptin data are intriguing from the standpoint
that recent pubiications have hypothesized (Teff et al,
2004) that long-term consumption of fructose leads fo
attenuated leptin levels. Lowered leptin levels in turn are
purported to lead to a reduction in satiety with the physi-
ological consequence of inducing individuals to overeat.
The NHANES III data suggests that fasting leptin levels
are not related to consumption of dietary fructose con-
tained in 88B (Table 7). If a direct metabolic relationship
between SSB intake and fasting leptin concentrations
existed, the mean leptin vaiue for the frequent users should
be lower than.that of infrequent users. The obvious higher
leptin concentration in women could be partially due to
their higher percent body fat and noted obesity rate. Some
dietary studies reported that high carbohydrate (simple or
complex) diet either increase or maintain plasma leptin
concentrations (Havel et al., 1999, Raben et al, 2003
Raben et al., 2002a; Romon et al, 1999, 2003).

There are several limitations to our work. First, the
dietary intake date in the databases were obtained from
dietary recall questionnaires. 1t is possible that the intake
amounts were under reported. Secondly, the body weight
and height data in CSFII data were also self-reported data.
So, the CSFII data may not be as accurate as the data of
NHANES, where weight and height were measured.
Thirdly, the SSB consumption patierns can not be abso-
lutely categorized as “user” or “nom-user”, because the
portion of aduits who consumed SSB either every day or
not at all wourld be very small. And lastly, although SSB
represent a significant portion of dietary added sugars, this
study does not address the question of whether there is a
potential link between added sugar consumption and obes-
ity risk, Added sugars can cover a variety of sweeteners
including sucrose, HPCS, syrups, glucose, dextrose, malt-
ose, fructose, and honey. It would be very meaningful to
conduct a similar study to examine if there is a link between
added sugar intake and obesity prevalence in the future.

In conclusion, statistical analysis and modeling of CSFII
and NHANES databases covering survey periods from
1988 to 2002 indicate that the consumption of sugar sweet-
ened beverages, total calorie intake evels and calories from
saturated fat were not significant contributors to the obes-
ity occurrence in the adult popuiations. Gender, age, edu-
cation level, smoking habit, TV/screen waiching hours,
physical activity, and dietary calories from total fat were
the more meaningful factors associated with obesity risk.
This conclusion is additionally supported by data observed
in other scientific publications of studies conducted for
other purposes. Additionally, the daily mtake means
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obtained from one-day food intake data may significantly
overestimate consumption for certain specific food or food

categories which are infrequently consumed {such as SSB).

The newest population survey data indicate the US obesity
prevalence is stili under raising, Obésity is a muilti-factorial
probiem which is rooted in 2 positive balance between
energy intake and expenditure. Lifestyle, behavior, and
environment appear to have a more dominant role in obes-
ity prevalence than do individual foods.
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Comparison of breath testing with fructose and h1gh
fructose corn syrups in health and IBS

S. M. SROOG, A. E. BHARUCHA & A, R, ZINSMEISTER
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Rochester, MN, 1JSA

Absiract Although incomplete fructose absorption has
been implicated to cause gastrointestinal symptoms,
foods containing high fructose corn syrup (HFCS)
contain glucose. Glucose increases fructose absorprion
in healthy subjects, Qur hypothesis was that fructose

intolerance is less prevalent after HFCS consumption.

compared to fructose alone in healthy subjects and
irritable bowel syndrome (IBS). Breath hydrogen levels
and gastrointestinal sympioms wete assessed after
40 g of fructose (12% sohition) prepared either in wa-
ter or as HFCS, adminisiered in double-blind ran-
domized order on 2 davs in 20 healthy subjects and 30
patients with IBS, Gastrointestinal symptoms were
recorded on 100-mm Visual Analogue Scales. Breath
bydrogen excretion was more frequently abnormal
(P < 0.01} after fructose {68%) than HECS (26%)} in
controls and patients. Fructose intolerance fi.e.
abnormal breath test and symptoms) was more pre-
valent after fructose than HFCS in healthy subjects
(25% ws 0%, P = 0.002} and patients (40% vs 7%,
P = 0.062). Scores for several symptoms (e.g. bloating
r = (0.35) were correlated (P <0.01) to peak breath
hydrogen excretion after fructose but not HFCS; in the
fructose group, this association did not differ between
healthy subjects and patients. Symptoms were not
significantly different after fructose compared to
HECS. Fructose intolerance is more prevalent with
fructose alone than with HFCS in health and in IBS.
The prevalence of fructose intolerance is not signifi-
cantly different between health and IBS. Current
methods for identifving fructose intolerance should be
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niodiﬁed to mare closely reproduce fruciose ingestion
in daily life.

Keywords bloating, fructose intolerance, functional
bowel disorder, high fructose corn syrup, irmritable
bowel syndrome.

BACKGROUND

The introduction of high friuctose com syrups [HFCS!
as alternative sweeteners to sucrose in the 1960s
resulted in a dramatic increase in the monosaccharide
form of fructose in the US food supply.! FFCS became,
and remain, widely used as sweeteners in beverages,
dairy products, canned, baked and processed foods
worldwide.?

Fructose monosaccharide is absorbed by carrier-
mediated facilitated diffusion, an energy-independent
process. The fructose carrier is a member of the glucose
transport {GLUT) family of genes encoding for facili-
tative sugar transporters and is referred to as GLUT 5°
and the rate of fructose absorption is between that of
mannose and glucose,* Sucrose is cleaved to glucose
and fructose by sucrase, an enzyme located in the
brush border of small intestine enterocytes. For unclear
reasons, the absorptive capacity for fructose derived
from sucrose exceeds that of fructose monosaccharide,
Unabsorbed fructose is fermented by colonic bacteria
producing short-chain fatty acids, hyvdrogen, carbon
dioxide and trace gases. Hydrogen must be excreted in
breath and flatus and/or consumed by colonic bacteria
as it cannot be metabolized by humans. A rise in breath
hydrogen {and/or methane] following substrate inges-
tion is the basis for detecting incomplete fructose
absorption and estimating fructose ahsorptive capacity,
The absorptive capacity for fructose in healthy indi-
viduals ranged from less than 5 g to greater than 50 g°
and was both dose and concentration dependent,®®

Fructose intolerance is diagnosed when gastrointes-
tinal symptoms accormmpany a positive breath test. The
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amount and concentration of fructose used to detect
incompiete ahsorption by breath-testing has vatied
among studies, The frequency of incomplete fructose
ahsorption increases as the dose and concentration
increase. Up to 50% of healthy subjects incompletely
.absorbed 25 g fructose (10%!} and up to 80% incom-
pletely absorbed 50 g Increasing the concentration
from 10% to 20% increased the frequency of incom-
plete absorption from 37.5% to 71.4%.% In uncon-
trolled studies, the prevalence of incomplete fructose
absorption {25 g} was higher in patients with func-
tional bowel disorders, i.e. 36-75%5"! compared to the
prevalence li.e, 0-50%) reported in healthy subjects.”™”
Although it has been suggested that fructose intoler-
ance causes gastrointestinal symptoms in some
patients,!! the only controlled study did not demon-
strate a higher prevalence of incomplete fructose
absorption and gastrointestinal syraptoms in irritable
bowel syndrome [IBS).'® Moreover, glucose greatly
facilitates fructose absorption in health,>7?%!® and
both natural and processed dietary sources of fructose
usually contain glucose, FDA Regulation 21, Section
184.1866 requires ‘HFCS' to represent the two fractions
HFCS-42 and HFCS-55. Although the name suggests
otherwise, glucose is the predominant sugar in HFCS-
42 {42% fmctose, 53% glucose and 5% oligosaccha-
rides).'* HPCS-55 142% glucose, 55% fructose and 3%
oligosaccharides) contains a small excess of fructose '
Thus, breath testing with pure fructose may not reflect
fructose ingestion under normal circumstances.
Because glucose increases fructose absorptiom, 71218
breath testing with fructose alone may overestimate
the true prevalence of incomplete fructose absorption
in controls and IBS.

Our hypothesis was that fructose intolerance [ie.
positive hydrogen breath test and gastrointestinal
symptoms] would occur more frequently with pure
fructose compared to fructose provided as HFCS in
healthy subjects and in IBS.

METHODS

This was a double-blind, randomized, crossover study
comparing symptoms and fructose absorption after
fructose alone to HFCS. The study was approved by
and all the procedures followed were in accordance
with ethical standards of the Mayo Clinic Institutional
Review Board.

Subjects

Twenty healthy subjects were recruited by public
advertisement and 30 patients with a functional bowel
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disorder were recruited from our outpatient practice.
All participants had an interview and a physical
examination prior to enrolment, and patients under-
went  appropriate investigations to exclude organic
disease.’> Exclusion criteria for healthy subjects and
patients included significant cardiovascular, respira-
tory, neurclogical, psychiatric, or endocrine disease;
anxiety or depression as assessed by the Hospital
Anxiety and Depression Questionnaire;*® medications
likely to affect gastrointestinal motility [e.g. opiates,
anticholinergic agents, adrenergic agents and calcium
channel blockers); and abdominal surgery {other than
appendectomy, cholecystectomy, or hernia repair]. In
addition, subjects who used antibiotics at any time
during a 2.month period before the study were
excluded, A validated questionnaire was used to
exclude IBS, functional bioating, diarrhoea, or consti-
pation in controls.!” Subjects were reimbursed for
participating in this study.

Breath tests

Subjects were asked to abstain from pastas, legumes,
dairy, fruits, fruit juices and products containing HFCS
or fructose along with tobaceo products and to limit
caffeinated beverages {i.e. two per dayv} for 24 h prior to
breath tests. Mints and chewing gum were zalso not
permitted during the 12-h fasting period before the test
for both study days. After mouth rinsing with an
antibacterial mouthwash, subjects were randomized,
in a double-blind fashion, to one of two sugar solutions
[i.e. 40 g of fructose in 330 mL of tap water {12%) or
40 g of fructose as 95 g HFCS-535 {77% dry weight} in
tap water to total 600 cc {12%)]} provided in identical,
covered, opague containers with a straw. The random-
ization sequence was generated by the study biostat-
istician (ARZ} and provided to the pharmacy. These
fructose congenerations approximate that of cola
sweetened with HFCS-55 {some colas are sweetened
with sucrose). Subjects were not informed of the
volumes of these solutions and neither subjects nor
study personnel administering the test were aliowed to
hold the container. Subjects were asked to consume
solutions within 10 min 2nd to remain sedentary
during the study.

Breath samples were collected every 30 min after the
test meal for 3 h after the sugar solution was given and
analysed for hydrogen comcentration. End expiratory
breath samples were coliected in 2 modified [Haldane-
Priestley} bag {Quintron, Milwaukee, WI, USA}]. A
20 mL sample of air was withdrawn from the bag and
injected into a gas chromatography analyser [Quinn
Torn Microlyzer Self Correcting Model $SC; Quintron]

© 2008 The Mayo Foundation
Journal compilation @ 2008 Blackwell Publishing Ltd
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for detecting breath hydrogen levels. Cotrection factors
were used to comect for COy and dead space using
industry standards. Incomplete fructose absorption was
defined as 2 rise in breath hydrogen of 220 ppm over
the baseline value, which is highly specific for identi-
fying carbohydrate malabsorption,'®

Symgptoms

Symptoms were recorded on separate 100-mm Visnal
Analog Scales (VAS] for each symptom (i.e. abdominal
bloating, flatulence, nausea and abdominal pain) at
baseline and every 30 min after the test meal for 3 h.*
These symptom scores were summarized by adding
values for each symptom over 3 h. A 10-mm increase
in symptom scores for any symptom over baseline was
considered abnormal. Because baseline symptom
scores averaged <5, the l0-mm absolute increase is
greater than the 10% change considered abnormal in
previous studies.’”®”® Subjects also recorded the con-
sistency of every bowel movement during the 3-h
postmeal period on a Bristol scale.® The same proce-
dure was repeated with the other sugar solution
27 days later.

Statistical analysis

The prevalence of an abnormal breath hydrogen
respomnse after fructose vs HFCS were compared sepa-
rately in controls and in (8S by McNemar's test for
paired discrete data. The area under the curve [AUC)
~ for hydrogen breath excretion after fructose and HECS
were compared by paired t-tests or signed-rank tests.
The relationship between symptoms and the breath
hydrogen response was analysed by Spearman’s corre-
lation coefficient. The Breslow-Day test was used to
compare the association (i.e. between symptoms and a
positive breath test} between health and IBS. Statistical

analyses were carried out using the sas software

package (SAS Institute, Cary, NC, USAJ.

The sample size of 20 controls and 30 patients was
expected to provide 10 discordant pairs of controls and
16 discordant pairs of patients using conservative
estinates based on previous studies. The null hypoth-
esis was that the discordant pairs would be equally
split between those intolerant to fructose and not
HFCS ws the reverse [intolerant to HFCS and not
fructose]. This hypothesis was tested separately in
patients and controls using McNemar's test [applying
the exact binomial distribution). Due to the discrete-
ness of the binomial distribution, conservative two-
sided z-levels were necessary to select the rejection
regions {degree of imbalance) in the anticipated num-

© 2008 The Mayo Foundation
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ber of discordant pairs for each subject group. For
example, there was 81% power to reject the null
hypothesis if the trae proportion of fructose intolerant
but not HFCS intolerant pairs was 0.92 or greater
ireject the null at an o-level of 0.021], Similarly, there
was 82% power if the true proportion of fructose
intolerant but not HFCS intolerant pairs is 0.86 or

- preater (¢ = 0.021).

RESULTS

Clinical and demographic features

All subjects completed both breath tests. Age, but not
gender or BMI, was associated [P < 0.01) with subject
group {healthy subjects vs patients) (Table 1}. Patients
had symptoms of diarrhoea predominant IBS {n = 13,
constipation-predominant IBS |n = 4}, alternating IBS
{m = 10}, or functional diarrhoea n = 4).2' In addition,
22 patients reported significant abdominal bleating,

Hydrogen breath tests

After fructose, an abnormal breath hydrogen response
was observed in 13 of 20 {65%) healthy subjects and in
21 of 30 {70%] patients [Table 1] In contrast to
fructose, an abnormal breath hydrogen response was
less frequently {P < 0.01] observed after HFCS [ie. in
four of 20 {20%) healthy subjects and in nine of 30

Tzble I Demographic characteristics

Controls Patients

Variable {n = 20} {n =30
Age (years) {mean + SE} 2833 412
Number of females 14 {60} 21 {60)
BMI (kg m™% {mean = SE} 24 = 1 2621
Breath hydrogen response

Abnormal - fructose 13 |65) 21 (70]

Abnormal - HFCS 4 {20} % {30}

Abnormal - fructose and HFCS 4 {20) ¢ {30}

Normal - fructose and HFCS 7 {35) % (30}
Symptoms after fructose

Flatulence 4 {20) 9 (30)

Bloating 5 {25) 10 {33}

Nausea 2 {10) 8 {27)

Abdominal pain 2 {10] 9 {30}
Symptoms after HFCS

Flatulence 2 (10 4 {20)

Bloating 15) 10 (33}

Nausea 0 8 {271

Abdominal pain ¢ 9 (30}

All values except age and BMI are N {%! of group total, HFCS,
high fructose com syrup; BMI, hody mass index.
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{30%) IBS patients]. Among subjects who had an
abnormal breath test for fructose and HFCS, breath
hydrogen peaks were observed 125 = 12 min {mean =
SEM} after HFCS and 102 + 9 min after fructose
(P =0.125 by sign test).

Four of 13 healthy subjects and nine of 21 patients
who had incomplete fructose absorption after fructose
alone also had abnormal breath hydrogen responses
after HFCS. No subjects had the combination of an
abnormal breath hydrogen response after HFCS and a
normal breath hydrogen response after fructose alone.
Breath hydrogen responses (ie. peak and AUC) after
fructose and HFCS were not different between health
and IBS {Fig. 1). The order of testing {i.e. fructose first
vs HFCS first) did not affect the resultts of breath
hydrogen tests.

Symptoms

Baseline symptom scores {i.e. prior to sugars) averaged
<5 for each symptom and were not significantly
different between study days (data not shown). After
sugar ingestion, overall symptom scores were not
significantly different between fructose and HFCS or
between healthy subjects and patients (Table 2. Seven
of 20 healthy subjects {35%) and 15 of 30 patients
{50%) had one or more symptoms {i.e. a 210-mm
increase in symptom scores over baseline} during a
fructose hydrogen breath test, but only two healthy
subjects {10%!) and only 14 of 30 patients (47 %) had one
or more symptoms during a HRECS breath test {Table 3).
Bloating was the most common symptom after fruc.
tose alone.

Taken together, five healthy subjects {25%) and 12
patients (40%) had fructose intolerance as defined by
symptoms and an abnormal breath hydrogen response
[Table 3}. Thus, the odds ratio for an abnormal symp-
tom response 1o fructose in those with an abnormal
breath hydrogen response relative to those with a

normal breath hydrogen response was somewhat high-
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er in patients [OR, 2.67; 95% CI, £.52-13.66) than in
controls {OR, 1.56; 95% CI, 0.21-11.37), but this was
not statisticzlly significant [P = 0.68), No healthy
subjects and only two patients {7%] were intolerant
to HFCS (P = 0.72). However, intolerance was more
prevalent after fructose than after HFCS in patients
(P = 0.002} and to a lesser extent in controls {P = 0.062].
As there were no controls and only two patients
intolerant to HFCS, 2 comparison of the homogeneity
of the intolerance response between controls and
patients could not be tested.

Symptom scores for bloating [r =036, P =0.01},
flatulence {r=0.43, P =0.002}, and pain (r = 0.36,
P = 0.01} but not nausea were related to peak breath
hydrogen excretion after fructose; this association was
not different between health and IBS. In contrast,
symptom scores were not correlated with peak breath
hydrogen exeretion after HFCS.

Four subjects had bowel movements during the 3-h
study. Of these four subjects, rwo had bowel move-
ments on both study days. The two other subjects had
bowel movements after frizctose or HFCS on one study
day only.

DISCUSSION

Previous studies observed incomplete absorption after
50 g of fructose in 37.5%, 58% and B0% of healthy
subjects and after 2 lower threshold {i.e. 25 g} in 36~
75% of patients with IBS.>®5%!! Confirming these
studies, our data demonstrate that 2 majority of
healthy subjects (i.e. 65%]) and patients with functional
bowel symptoms {i.e. 70%]) incompletely absorbed
(40 g} fructose when ingested alone.’” In contrase, a
lower proportion of healthy subjects {Le. 20%] and
patients (i.e. 30%) incompletely absorbed {40 g} fruc-
tose provided as HFCS, which is generally used to
sweeten processed foods rather than fructose alone.
Moreover, the prevalence of incomplete fructose
absorption after fructose alone or after HFCS was not

Table 2 Comparison of symptoms after fructose and HFCS in controls and IBS

Median (IQR} Visual Analog Scales scores {mm)

Bloating Nausea Flatzlence Pain

F HFCS F HFCS F HECS F HFCS
Healthy subjects 3.5 {G, 30.5) G0, 14.0) 0o, 13.00 040, 9.0% 9.51{0,31.0} O {0, 19.0 010, 18.0 0 {0, 13.0)
Patients 18.0 {1, 87} 15.0(0,98) 13.0(0,29 75(0, 40 138(1, 74 6.0{0, 38} 14.5(0, 55 10.0(C, 56)

Values represent the cumulative symptom score recorded at six time points over 3 h {L.e. maximum = 400}, F, fructose; HFCS, high

fructose corn syrup; IBS, irritable bowel syndrome.

® 2008 The Mayo Foundarion
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Table 3 Comparison of symproms and breath hydrogen
responses in controls and IBS

Controls Patients

Variable {n = 20 {n =30}
Normal! fructose breath test 7 {35} ¢ {30!
Number with symptoms 207 128} 3/9 {33}
Abnormal fructose breath test 13 165} 21 (70
Number with symptoms 5/13 {38} 12/21 {57
Nommal HFCS breath test 16 180} 21 {70}
Number with symptoms 2/16 {12} 12/21 (57}
Abnormal HFCS breath test 4 {20} 9 {30}
Number with symptoms 0/4 {0 29 {22}

Values in parenthesis are in percentage. IBS, irritable bowel
syndrome; HFCS, high fructose comn syrup.

significantly different between healthy subjects and
IBS. Taken together, these findings suggest that breath
testing as comnmonly praceced {i.e. 25 g or more of pure
fructose] may overestimate the prevalence of incomn-
plete fructose absorption in daily life. Perhaps, a
smaller test dose [e.g. 10 g! of fructose or HFCS-55
instead of fructose will provide a more specific mea-
sure of incomplete fructose absorption, but even HFCS
may overestimate the prevalence of incomplete fruc-
tose absorption intolerance because HFCS are usually
ingested with other foods that contain glucose and may
also enhance fructose absorption. Both sugar solutions
contained 40 g of fructose, approximating the fractose
content of two cans of cola {closer to 44 g|. The HFCS-
55 study solution used in this study provided an excess
{as compared to glucose! of 9.5 g fructose as 2 12%
sofution, mimicking the ingestion of two cans of cola
sweetened with HFCS-55 consumed in isolation.
While ingestion of 40 g of fructose provided as HFCS
may be commonplace in the diet of some individuals,
it is extremely unlikely that 40 g of fructose in
isolation would be consumed unintentionally. We
speculate that the prevalence of incomplete fructose
absorption with the other commonly used fracedion of
HECS [i.e. HFCS-42) is even lower because it contains
an excess of glucose and should be completely
absorbed.

Brast hydregen {ppm)

Fructose intolerance in health and IBS

Among subjects with an abnormal breath hydrogen
test, breath hydrogen excretion peaked at approxi-
mately 2h after the substrate was administered.
Indeed, only four of 47 abnormal breath tests were
characterized by peak breath hydrogen excretion at
60 min and in only one subject, 2 control, was peak
breath hydrogen excretion observed at 30 min.
Although peak breath hydrogen excretion earlier than
60 min after substrate ingestion may be due to small
intestinal bacterial overgrowth,” this healthy subject
also had normal fasting breath hydrogen excretion,
arguing against bacterial overgrowth. It is less widely
recognized that early breath hydrogen peak excretion
may reflect rapid orocecal transit.>® We did not mea-
sure Dreath methane excretion as only a small propor-
tion of subjects {i.e. 4% in a recent study] exclusively
produce methane, !

On the basis of uncontroiled studies, it has been
suggested that incomplete fructose absorption is more
common [i.e. 36~75%} in patients with functicnal
bowel disorders,®*! than in healthy subjects {i.e. O-
50%).57 However, our data confirm the findings of the
only previous controlled study,'® which demonstrated
that intolerance for a variety of sugars [i.e. lactose
{50 gl, fructose (25 g], sorbitol {5g), Fuctose plus
sorbitel {25 + 5 g} and sucrose (50 gl] is not more
prevalent in IBS than in health, Despite these findings,
it is conceivable that fructose intolerance may con-
tribute to gastrointestinal symptoms in a minority of
patients with IBS.

After ingestion of fructose alone, symptoms were
correlated to peak breath hydrogen excretion as sug-
gested previously.? Symptoms may be caused by
intestinal distention due to osmotic effects of fructose
and/or by colonic distention, secondary to colonic
bacterial fermentation of incompletely absorbed sug-
ars, Visceral hypersensitivity may also explain symp-
toms after ingestion of fructose in IBS. However, in a
previous study, symptoms after ingestion of fructose~
sorbitol were not associated with increased perception
of jejunal balloon distention® Symptoms were not
correlated to breath hydrogen excretion after HFCS,
suggesting they are not ateributable to colonic

70 Fructose ——Contrats Bmi‘g f'ydmg” epm - res —oControls
-~ Partionts ~m- Patiotits
&0- 804
Figure 1 Comparison of breath hydro- 50 50+
gen execretion after fructose {left panel] 40 40+
and high fructose corn syrup {(HFCS; 30 304
. . 20 20+
right panel} in healthy volunteers and o ol -
patients. Breath hydrogen excretion ol ‘ . s * L ] ‘
was not significantly different between 2 50 190 150 200 0 50 100 150 200
healthy volunteers and patients. Time (min) Tire {min)

@ 2008 The Mayo Foundation
Joumal compilation © 2008 Blackwell Publishing Ltd




S. M. Skoog et al.

fermentation, but may have been due to other factors
such as volume.

Glucose increases fructose absorption
sumably by solvent drag and passive diffusion.
The extent to which glucose increases fructose
absorption depends on the proportion of glucose
relative to fructose.’ An equimolar dose of glucose
normalized fructose shsorption in healthy subjects™!?
and glucose at one-half the fructose dose decreased
the prevalence of incomplete absorption by over
50%.% In addition, it is comceivable that glucose
delays gastric emptying, thereby facilitating fructose
absorption.*®

In summary, our data demonstrate that fructose
intolerance is more prevalent after fructose alone than
after HECS in health and IBS. The prevalence of
fructose intolerance is not significantly different
between health and IBS.

574218 pre.
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Carbohydrate Issues: Type and Amount

MADELYN 1. WHEELER, M5, RD; F. XAVIER PI-SUNYER, MD, MPH

ABSTRACT

Bath the type and amount of carbohydrate found in foods
influence postprandial glucose levels and can alse affect
overall glycemic control in individuals with diabetes. This
review, based on the American Diabetes Association’s
Nutrition Recommendations and Interventions for Diabe-
tes, and the American Dietetic Association’s Evidence
Analysis Library {(Diabetes 1 and 2), provides a descrip-
tion and interpretation of the clinical studies involving
diabetes and type and amount of carbohydrate. Although
the relationship between blood glucose and insulin is
linear, not all types of carbohydrate are fully metabolized
to blood glucose. Added sugars such as sucrose and high
fructose corn syrup are digested, absorbed, and fully me-
tabolized in a similar fashion to naturally occurring
mono- and disaccharides, Only about half of the carbohy-
drate grams from sugar aleohols and half or less from
dietary fiber are metabolized to glucose whereas almost
all “other carbohydrate” (mainly starch such as amylose
and amylopectin) becomes blood glucose. The percent of
energy as carbohydrate indicated for people with diabetes
depends on individual preference, diabetes medication,
and weight management goals. Glycemic indexr/glycemic
load comcepts are attempts to use these carbohydrate
availability and amount issves for controlling posipran-
dial glycemia. .

J Am Diet Assoc. 2008;108:534-8389.

always centered around carbohydrates. Before ex-
ogenous insulin became widely available, so-called
diabetic diets mainly consisted of protein and fats (1). In
1927, Elliott P. Joslin described the optimal diet for a
typical patient with diabetes (with or without the help of

N utrition (or diet) for individuals with diabetes has

M. L. Wheeler is a coordinator, Nuiritional Computing
Concepts, Zionsville, IN; at the time of the study, she
was coordinator, research dietetics, with the Indiana Uni-
versity School of Medicine, Indianapolis. F. X. Pi-Sunyer
is with the division of Endocrinology, Diabetes, and Nutri-
tion, St Lukes-Roosevelt Hospital, New York, NY.

STATEMENT OF CONFLICT OF INTEREST: See
page S38.

Address correspondence to: Madelyn L. Wheeler, MS,
RD, Nutritional Computing Concepts, 5014 Turkey Foot
Rd, Zionsville, IN 46077. E-mail: miwheele@iupui.edu

Manuscript accepted: September 19, 2007,

Copyright © 2008 by the American Dietetic
Association.

0002-8223/ 08/ 10804-1003§34.00/0

doi: 10.1016/j joda.2008.01.024

834  Supplement to the Journal of the AMERICAN DIETETIC ASSOCIATION

insulin) as containing 100 g carbohydrate/day (2). Many
physicians in the 1920s and early 1930s reported using
normal or even high carbohydrate diets. From 1940 to the
present, the pendulum has been swinging back and forth
concerning the amount of carbohydrate intake that is
optimal for people with diabetes. The type of carbohy-
drate has also been of great interest, with the most ex-
treme being the Kempner rice digt (8). Amounts as well
as types of carbohydrate continue to be areas of study.

In the overall schema of the macronutrients, carbohy-
drates provide the vast majority of glucose for metabo-
lism. The main food carbohydrates can be divided into
four generzl types (see the Figure} (4,5): The monosac-
charides and disaccharides {sugars}, the eligosaccharides
{chains of three to 10 glucose or fructose polymers), and
the polysaccharides (with starch and dietary fiber being
the main components). There is no question that sugars
(ie, glucose, fructose, galactose, sucrose, and maltose) will
be digested, absorbed, and influence blood glucose levels
postprandially. The picture is less clear for oligo- and
polysaccharides because of their complex nature.

Our knowledge of the content (ie, type and amount) of
carbohydrates in specific foods comes from two sources:
nutritional databases such as the US Department of Ag-
riculture National Nutrient Database for Standard Ref-
erence (6), and the Nutrition Facts panel on food labels,
The grams of total carbohydrate in foods listed in either of
these sources is caleulated by “subtraction of the sum of
crude protein, total fat, moisture, and ash from the total
weight of the foed” (7). Other carbohydrate components
are obtained by direct chemical analysis.

How foods that contain carbohydrate may differ in
terms of absorption, digestion, and metabolism, and how
this difference may effect glycemic control, is the topie of
this review.

TYPE OF CARBOHYDRATE
Supars

The term sugars is conventionally used to describe the
monosaccharides (ie, ghucose, fructose, and galactose) and
the disaccharides (ie, sucrose, maltose, and lactose) that
are absarbed, digested, and fully metabolized (8,9).

The role of added sugars in the diets of people with
diabetes continues to be an issue. Added sugars as de-
fined by the Dietary Guidelines for Americans (10) are
sugars or gyrups added to foods during processing or
preparation, and includes common table sugar or sucrose
{a mixture of glucese and fructose) as well as other sweet-
eners like high fructose corn syrups (9). The question for
people with diabetes ig: Is consuming foods with added
sugars (or subgtituting added sugars for other carbohy-
drate) detrimental to glycemic control? The American
Dietetic Association’s Evidence Analysis Library (Diabe-
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Digestion and absorplion US food labeling

Type of carbohydrate in small intesting® designation
Monosaccharides
Glucese, fruciose, galactose + Sugars
Sorbitol, mannitol, eic +/— Sugar alcohol
Disaccharides :
Sucrose, maltose, laciose + Sugars
Lactitol, maltitol, efc +/— Sugar alcohol
Qligusaccharides
o-Galactosides {eg, raffinose, stachyose) - Other carbohydrate
Fructooligosaccharides - Other carbohydrate
Maltodextrins + Other carhohydrate
Potydexirose - : Other carhohydrate |
Polysaccharides :
Starch (a-glucans)
Amylose oA [ (Other carbohydrate
Amyiopectin = Other carbohydrate
Modified food starches +/= Other carbohydrate
Monstarch (non-c-glucans) polysaccharides
Cell wall and chemically related polymers

(eq, celiulose, hemicsHuloses, pecting, B-glucans) - Dietary fiber
Storage (eg, inulins or fructans, guar) - Dietary fiber
Plart gums, exudaies, and seed muciiages

(eg, Ispaghuda or psyliutm) - Distary fiber
Algal polysaccharides - Dietary fiber

Figure, Main fypes of food carbohydrates. ®Plus sign (+) represents complete/nearly 100% digestion and absorption in the small intestine, whereas
plus-or-minus sign {+/—) represents partly digested and absorbed, with the range being very large (2% 1o 90%), and minus sign {—) represents
na digestion and abserption in the small intestine, Adapted with permission from reference 4: Am J Clin Nutr. 1985;61(suppf):8308-8378, American
Saciety for Nufrition, and from reference 5. Am J Clin Nutr. 1995;61{suppl):9385-9455, American Society for Nutrition.

tes 1 and 2 section) (11) deseribes two recent studies that
provide guidance. A randomized controlled trial (12) last-
ing 4 months and including 48 adults with type 2 diabetes
who were given freedom to add sucrose to their diets at a
level of up to 10% of total energy vs a conventional group
taught to avoid concentrated sweets found no significant
difference in glycosylated hemoglobin (HbAlc) concentra-
tions at the end of the study. A meal-type randomized
controlled crossover irial (13), including 10 euglycemic
adolescents with type 1 diabetes who were given eguiva-
lent carbohydrate meals {one high in sucrose, 35% of
energy, and one moderate in sucrose, 17% of energy) and
followed for 4 hours postprandially found no significant
difference in glycemic responses between the meals.
Based on these and other studies (14-17}, the American
Diabetes Association recommends that “sucrose-contain-
ing foods can be substituted for other carbohydrates in
the meal plan or, if added to the meal plan, covered with
insulin or other glucose-lowering medications. Care
should be taken to avoid excess energy intake” (18).
High fructose corn syrup is widely used as an added
sugar in the United States. Two main types of high fruc-
tose corn syrup are produced from corn {(10): the 42%
fructose variety (that also contains 52% glucose) is used
mainly in canned fruits, and the 55% fructose variety
{40% glucose) is used mainly in soft drinks and desserts.
Although an ecologic assessment has suggested that the
increased intake of refined carbohydrate (corn syrup),
concomitant with decreasing intakes of fiber, paralieled

the upward trend in the prevalence of type 2 diabetes
(19}, no direct link has been found. Two meal-type studies
specifically addressed the issue of high fructose corn
syrup and type 2 diabetes with differing amounts of fruc-
tose and differing results. One study (17 subjects), using
356 g carbohydrate as sucrose, fructose, or high fructose
corn syrup (e, 76% fructose and 21% glucose) found no
significant difference between sucrose and high fructose
corn syrup meals in either postprandial glucose or insulin
responses (20). In the other study, 12 subjects ate 50 g
carbohydrate equivalents of glucose, a tofu-based frozen
dessert containing high fructose corn syrup (ie, 24% frue-
tose, 29% glucoge, and 46% maltodextrin), and a dairy-
based ice cream containing sucrose (ie, 67% sucrose, 23%
lactose, 6% maltodextrin, and 3% glucose). Peak glhicose
response and mean glucose area were significantly higher
for the high fructese corn syrup-containing dessert than
for the sucrose ice cream (21).

The high fructose corn syrup used in most food formu-
Iations is roughly half glucese and half fructose, as is
suerose (table sugar) and the same recommendations and
cautions that apply to sucrose (above) should be applied
to high fructose corn syrup.

Sugars (both naturally occurring and added) are re-
quired to be included on the Nufrition Facts panel of food
labels as a subcomponent of total carbohydrate (22).
Added sugars are not included as a separate line in the
Nutrition Facts panel because chemical analyses cannot
distinguish between sugars that are naturally occurring
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Table 1. Net energy per gram for various sugar alcohols®

Sugar alcohol keailg
Eryihritol 0.2
Hydrogenated Starch Hydrolysate (HSH) 3.0
tsomait 2.0
“Lactitol 2.0
Maltitol 2.1
Mannitol 168
Sorbitol 286
Xyiitol 2.4
Average sugar aicohol 2
"Based om: 1. Federation of Amaerloan Sogleties for Bxperiments! Binlogy, The evalu-
ation of the energy of certaln polyols used as food ingredients. June 1894 (unpub-
lished); and 2. Life Sciences Researgh Office. Evaluation of the net energy vaive of
maltitel. April 199€ {unpublished).

and those that are added te a food. The amount of added
sugars in a food can be inferred by the nature of the food
itgelf, its total sugar content, and the prominence of
added sugars in the ingredient statement.

Sugar Alcohels (Polyols)

Sugar alcohols (the alcohol forms of mono- and disaccha-
rides, alsc known as polyels) are also considered sugars
(mono- and disaccharides). They have been approved by
the Food and Drug Administration as generally recog-
nized as safe or as food additives and are used by food
manufacturers fo fully or partially replace added sugars
in foods, as well as to serve as bulking agents. In studies
{generally one meal type) comparing sugar alechols to
similar amounts of fructese, sucrose, or giucose in indi-
viduals with diabetes, the sugar alechols produce signif-
icantly lower postprandial glucose responses. For a sum-
mary of these studies, visit www.dce.org/flinksfada/
00346.htm. For example, when 50 g/m® body surface area
of a hydrolysated starch hydrosylate (ie, 7% sorbitol, 60%
maltitol, and 33% oligosaccharides) was compared with
the same amount of glucese during a 5-hour period, gly-
cemic response was significantly less for the hydrolysated
starch hydrosylate for peopie with both type 1 and type 2
diabetes {23). Similar results are found for other hydro-
lysated starch hydrosylates (24), isornalt (25,26}, and sor-
bitol (27,28). One study indicated that erythritol does not
produce a glycemic response (29), Although lactitol, man-
nitol, and xylitel have not been tested in individuals with
diabetes, challenge studies with individuals without dia-
betes indicate a similar lowered glycemic response for
lactitol (30}, zyiitol (30}, and mannite} {31).

Based on these and other studies indicating only par-
tial absorption from the smell intestine, the US Food and
Drug Administration has allowed specific sugar alcohol
energy values (Table 1). Sugar alcohols may be voluntar-
ily declared on the Nutrition Facts panel of a food label,
but if a elaim is made they must be declared. If they are
declared, the full amount (grams) of sugar aleohols per
serving must be included as a subcomponent of the total
grams of carbohydrate on the Nutritien Facts panel of a
food label (32); however, in deriving energy value for food
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labeling purposes, they may be calculated as having half
the energy (2 kcal/g) (Table 1) of most other carbohy-
drates (4 keal/g).

Other Carbohydrates (Dligesaccharides and Siarches)

Other carbohvdrates are defined for food labeling pur-
poses as the part of carbohydrate that is not sugars, sugar
alechols, or dietary fiber: oligosaccharides (a very small
amount of the food supply) and the starches amylopectin
and amylose. They are voluntarily included in the other
carbohydrates subcomponent of the total carbohydrate
section of Nutrifion Facts panels (33).

Amylopectin, containing both linear and branched giu-
cose polymers, makes up about 70% to B0% of starches, and
is quite rapidly digested. Amylose, a linear set of glucose
polymers, makes up about 20% to 30% of starches, is less
rapidly digested than amylopectin, and is prone fo form
registant starch. Resistant starch iz naturally occurring
(nondigestible oligosaccharides), or can be produced by the
modification of starch during the processing of feods {9).
Legumes are the major food source of resistant starch in the
diet (2 to 3 g/100 g cooked weight) (34). Uncooked cornstarch
(6 gfi00 g dry weight) is another source, with shortterm
studies focusing on its potential to prevent nighttime hypo-
glycemia (35). It has not been established that bedtime
cornstarch snacks are more effective in preventing noctur-
nal hypoglycemia than other types of carbohydrates (35),
and there have been no published long-term studies in
subjects with diabetes to prove benefit from the use of re-
sistant starch (18).

Biaetary Fiber

Dietary fiber is nonstarchy polysaecharides and lignin
that are not digested by enzymes in the small intestine
and {ypically refers to nondigestible carbohydrates from
plant foods {10). Because dietary fiber is not dipested in
the human small intestine it is not considered a part of
the immediate glucose supply. Bowever, colonic bacteria -
ferment much of the viscous-type fiber to short-chain
fatty acids. Acetate and butyrate have no effect on glucose
turnover rate but proplonate is gluconeogenic in human
beings. Current data indicate that the yield is in the
range of 1.5 to 2.5 keal/g (9). _

Amn adequate intake for dietary fiber 1s 14 g/1,000 keal/
day for adults (9). Table 2 indicates that the median
intake in the United States is substantially less then
recommended. There does not appear to be a different
requirement for people with diabetes compared to those
without diabetes.

The American Dietetic Association’s Evidence Analysis
Library (Diabetes 1 and 2 section) indicates there is in-
conclusive evidence thaé increasing dietary fiber above
recommended levels will influence glycemic outcome in
people with diabetes. For a list of randomized conirolled
trials that examined this relationship, visit www.dece.org/
links/jada/00346 htm. Three randomized controlled trials
lasting 6 to 24 weeks and having the same percentages of
energy from carbohydrate, fat, and protein for both high
fiber (44 to 50 g/day) and low fiber (15 to 24 g/day) diets
found no significant difference in HbAlc concentration
between diets in well-controlled subjects with type 1 and



Table 2. Recommendations and intakes for dietary fiber by US
adults aged =10 ¥y

Recommendation/

Dietary fiber intake
Adequate Intake® (gfkcal) 141,000
Adeguate Intake based on median

energy intake®™ (g/fd) :
Men: 19-50 y 38

=51 ¢ 30
Women: 19-50 y 25

=51y 21
Median intake® (g/kcal) 6.4/1,000
Median intake for people with

diabetes® {g/kcal) 7.611,000

Apdapted from reference 9,

badecuate intake for total fiber was set for each age and sex group by muliipiying 14
g/1,000 keal/d times median energy intake {keal/1,000kcal/d). The highest median
energy Intake fevel for each group {from the Continuing Survey of Food Intakes by
Individuals (1994-1986, 1998) was used in the equation (S},

“National Health and Nutrition Exarnination Survey 2003-2004 data (unpubhshed) Al
subiects (n=4,923} aged 18 years or older with rellable dietary recall; adiusted with
SUDAAN (version 9.0, 2004, Research Trigngle institte, Research Triangie Park, NC).
“National Health and Nuirition Examination Survey 2003-2004 datz {unpublished):
Subjects with ssif-reporied diabstes {n=479) aged 18 years or older with refiable
dietary recall; adjustes with SUDAAN {version 8.0, 2004, Ressarch Triangle Instiite,
Research Triangle Park, NC).

type 2 diabetes (36-38). When the Giaceo and colieagues
study (38) excluded noncompliant individuals, compliant
subjects reduced their HbAle concentrations by a small
but significant amount (8.6 % vs 9.1%). In one study of
children with poorly controlled type 1 diabetes, Kinmouth
and colleagues (39} found no significant difference in gly-
cosylated hemoglobin concentration between the high fi-
ber group (60 g/day) and the lower fiber group (20 g/day)
at 6 weeks. In terms of daily blood glucose benefits, three
studies (36,38,39) found 24-hour glycemic profiles signif-
jcantly lower on the higher fiber diet vs the lower fiber
diet and one siudy (40) showed significantly lower post-
prandial glucose levels on the higher fiber vs the lower
fiber diet during one meal.

Higher fiber diets are associated with significantly
lower total cholesterol vs lower fiber diets, with seven
studies (36,37,41-45) showing a significant decrease in
total cholestercl in the higher fiber group (average of
studies, 50 g fiber per day) compared to the lower fiber
group (average of studies, 17 g fiber per day).

Based on studies such as the above, the American Di-
abetes Association recommends that, although evidence
is lacking to recommend & higher fiber intake for people
with diabetes than for the population as a whole, people
with diabetes should be encouraged to consume a variety
of fiber-containing foods to meet the Dietary Reference
Intake’s adequate intake level per day {(18). Following
this recommendation may provide benefit in terms of
lipid levels and postprandial glycemia.

Dietary fiber s listed on the Nutrition Facts panel of
food labels as 2 subcomponent of total carbohydrate. In
the current food labeling regulations, the grams of di-
etary fiber are counted as part of the total carbohydrate

{46); however, in calculating energy, manufacturers may
subtract inscluble fiber grams from the carbohydrate
grams, but not soluble fiber grams (47).

ARMOUNT OF CARBOHYDRATE

The Recommended Dietary Allowance for carbohydrate is
set at 130 g/day for adultz and children, based on the
average minimum smount of glucose used by the brain
{9). This is a minimum recommendation, and usually is
exceeded to meet energy needs. The median intake of
carbohydrates is approximately 220 to 330 g/day for men
and 180 to 230 g/day for women, averaging about 49% to
50% of energy, with a recommended aceeptable range of
45% to 65% of energy (9). Because carbohydrate intakes
outside this range may increase the risk for coronary
heart disease and obesity, carbehydrate intakes <45% of
energy may not be consistent with adequate intakes of
dietary fiber and may be too high in fat, and because
carbohydrate intakes >65% of energy may be too low in
fat/protein (9) it is reasonable that pecple with diabetes
follow these recommendations. No upper limit of carbo-
hydrate per day is specified by the Dietary Reference
Intakes, _

Two methods of managing dietary carbohydrate can
result in improved glycemic control for people with dia-
betes: adjusting bolus insulin to match the dietary carbo-
hydrate at each meal; and day-to-day consistency in car-
bohydrate intake if not taking insulin, or if not adjusting
insulin on a meal-to-meal basis {11). Research pertaining
to the first method has indicated that people with diabe-
tes can maintain or improve glycemic control without
being constrained to eat a specific amount of carbohy-
drate at each meal (48,49); however, the caveat is that the
carbohydrate should cover energy needs without being
excessive (eg, preducing undesired weight gain). This
method is usually based on estimating the grams of car-
bohydrate in the foods being eaten, and relating that to
the insulin bolus dose. Research concerning the second
method has alse indicated improved glycemic eontrol (50),

Neither of the above methods designates a specific per-
cent of energy as carbohydrate; they are both based on
individual preferences, diabetes medication, and mainte-
nance of energy balance.

An attempt has been made to clagsify individual car-
bohydrate foods based on the postprandial incremental
glucose response and insulin demand they produce for a
given amount of carbohydrate (glycemic index) (51-53). A
high glycemic index value indicates short full digestion
(most/all carbohydrate shows up as ghacose in the blood
stream within 2 hours), and a2 lower glycemic index value
indicates longer, partial digestion. To indicate the glyce-
mie response to a food, the glycemic index for the specific
food (a constant number) and the amount of the carbohy-
drate in the food both need to be considered {(glycemic
load}. This concept has also been applied to meals, days,
and food recall information {54,55). Because the glycemic
index, by definition, represents a single identified food it
does not reflect, for example, other varieties of the same
food (high vs low amylase rice). In addition, fiber, frue-
tose, lactose, and fat in a food or meal have a tendency to
lower giycemic response but are not generally considered
in the glycemic index or glycemic load formulas. Other
potential methodologic problems with the glycemic index
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have also been noted (56). Although the relationship be-
tween glycemic index and metabolic outcomes in persons
with diabetes is inconclusive (11), individuals eating high
glycemic index diets may find some benefit in controlling
postprandial glycemia by switching to a lower glycemic
index diet (18).

F GRS

Information about both amount and type of carbohydrate
is needed for the management of diabetes mellitus. In
addition, the percent of energy as carbohydrate for people
with diabetes depends on individual preference, diabetes
medication, and weight management goals. '

Whereas metabolism of glucose is dependent upon in-
sulin {(endogenous/exogenous? in a linear relationship, not
all dietary carbohydrates are fully metabolized to glucose.
The Nutrition Facts panel of a food label provides the
total carbohydrate grams contained in a serving of food.
The dietary fiber and sugars subcomponents of the total
carbohydrate are also included. The sugar alechols and
other carbohydrates (mainly the starches amylose and
amylopectin) subcomponents are volunsary; however, if a
claim is made for sugar alcohols, it must be included in
the Nutrition Facts panel. With this information individ-
uals with diabetes who manage their diabetes by count-
ing carbohydrate grams and adjusting meal insulin bo-
luses can calcolate somewhat better estimates of
metabolizable carbohydrate,

Sucrose and other added sugars such as high fructose
corn syrup, as well sugars naturally oecurring in foods,
are quickly digested and provide glucose, with the grams
being fully counted for carbohydrate gram counting pur-
poses,

Subtracting half or less of the grams of dietary fiber
and half of the grams of sugar aleohals {if declared) from
the total carbohydrate grams should provide a better
estimate of the amount of carbohydrate to be counted
toward total carbohydrate for caleulating insulin boluses.
Practically, only foods containing >5 g dietary fiber or
sugar alcohols per serving will make a difference in esti-
mating carbohydrate grams. The other carbohydrates
(mainly amytase and amylopeetin) should be assumed to
be fully metabolized for carbohydrate gram counting pur-
poses.
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AMA finds high fructose syrup uniikely to be more harmful
to health than other caloric sweetners

For immediate release
June 17, 2008

CHICAGO - After studying current research, the American Medical Association (AMA)

today concluded that high fructose syrup does not appear to contribute more to obesity

than other caloric sweeteners, but called for further independent research to be done on
the health effects of high fructose syrup and other sweeteners.

"At this time there is insufficient evidence to restrict the use of high fructose syrup or label
products that contain it with a warning," said AMA Board Member William Dolan, MD. "We
do recommend consumers limit the amount of all added caloric sweeteners to no more
than 32 grams of sugar daily based on a 2,000 calorie diet in accordance with the Dietary
Guidelines for Americans.”

High fructose syrups are sweeteners produced from starches such as com, rice and
wheat. They can be found in a variety of food products, including breakfast cereals, soft
drinks and breads. Currently, there are few available studies on the health effects of high
fructose syrup and most are focused on the short-term effects.

"Obesity continues to be a major public health problem in this country. Overweight and

obese adults and children are at an increased risk for chronic health conditions like heart
disease and diabetes" said Dr. Dolan. "Eating a healthier diet can help maintain a healthy
weight and drastically reduce your chances of developing weight-related ilinesses.” '

This report was introduced at the AMA's Annual pblicy—making meeting in Chicago.

HH
For more information, please contact:

Lisa Lecas ]
AMA Media Relations
(312) 464-5980
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Content provided by: Media Relations
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Audrag Frickson

President :
Corn Refiners Assomatwn e
1701 Permeyivania Avenue N W,
Suite 950 S
Washington, DC 20096 580 '

Dear Ms. Erickson o oo

This is in follow up to the meeting of April 16, 2008, between the Corn Refiners Association and the
Cestter for Food Safety and Applied Nutrition (CFSAN). The meeting was prompted by a Food
Navigaror-1JS$A.com article on the use of the 1erm “natural” on products coniaining high fructose com
syrup (HFCS). You asked CFSAN to reconsider.its position on whether the use of the term “natural”
can be used 10 describe products containing HFCS.

At the meeting Mr. Empie of Archer Danials. M;diami Company described the mannfacturing process
used to make HFCS and following the mecting you sent CFSAN a writion doscription of this production
process. During the mesting, we stated that our longstanding policy on the use of the term “natural” is
that “natural” means that nothing artificial (including artificial flavers) or synthetie (including all color
additives regardless of Seurcc} has been included in or has been added to a food that would not normally
he expected to be in the food, Additionally, we stated that we do not restrict the use of the term
“natural” except on products that contain sdded coler, synthetic substanves and flavors as provided for
in Title 21 of the Code of Fede;ral ngu{atmns (CFR), seetion 101.22. Afier reviewing the information
about the HFCS praduction process that you provided, it is our understanding that the enzymes used to
make HFCS is fixed to a column by the use of the synthetic fixing agent, glutaraldehyde, Any unreacted
glutaraldehyde is remaved by washing the columu prior to the addftmn of the high dextrose equivalent
corm starch hydrolysate whmh ‘undergc;es enzymatic reaction to produce HFCS, Because the
glutaraldehyde does not come f 10 contact with the high dextrose equivalent com starch hydrolysate, it
would not be considered to be included in or added to the HFCS. Therefore, we would not object to the
use of the term “natural” on a product comammg the HFCS produced By thes manufacturing process
described by Mr. Empie. However, we would object to the use of the term “natural” on a product
containing HFCS that has a :»ymhetm substance such as a synthetic fixing agent included in or added to
it. We would also object to the use of the term “patural” on & producz containing HFCS if the acids used
10 obtain the stamh hydrcnlysa‘ce do not ﬁt w;thm our policy on “natural” as stated above,
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For your information, when we received an inquiry from Food Navigator-USA.com asking us whether 2
“naturel” claim on a produet containing HFCS and natural ingredients would be misleading to
vomsumners, we reviswid our policy on the use of the term “natural’”.and our regulations on HFCS. In
our response we stated our longstanding policy on the use of the term natural that we described above.
We also described our regulationon HFCS ( l‘xﬂa 21 of the Code of Federal Regulation {CFR), section
184.1866), which states that it is preparad from a high dexirose equivalent corn starch hydrolysate by
partial enzymatic conversion of glueass (ciextmsc) to fructose using an insoluble glucose isomerase
enzyme preperation listed at 2] CFR 184.1372. We indicated that, per 184.1372, the glucose isomerase
enzyme preparation is fixed: (rmdmd insoluble)using safc and suitable immobilization/fixing agems,
including those listed In 21.CFR173.357. We stated that the use of syntmtm fixing agents in the
enzyme preparation; whiclvisthenused to produce HFCS, would not be consistent with our policy on
the use of the term “natural.™ Conscquenﬂy, we sajd that we would object 1o the uge of the term
“natural” on a product containing HFCS. In addition, we stated that the corn starch hydrolysate, which
iz the substrate used in the production of HFCS, may bo obtained through the use of safe and suitable
. acids or enzymes, Dt.pendmg on the type of amd(s) used 1o obiain the corn starch hydrolysate; this
substrate itself may not it within the description of "natural" and, therefore, wa stated that HFCS
produced from such ¢otn starch hydroly sate would not qualify for a "na‘mrai" {abeling term.
Subsequently, we learficd that in the process, described by Mr,  Empie nong of the fixing agent
{ghutaraldehyde) would come in contact with the hi gh dextmw aquwalem‘ COIn: starch hydrolysate.
Consistent with cur pohcy on the use of the. temm, “natural,” we have stated in thc past that the
determinaticn on whether an ingredient would qualify for the use of the term “natural” is done on a case-
by-case basis. Further, mgrecizems with the same common or usuzal name may be formulated in different
ways where 2 food gontaining the ingredient formulated one way may qualify for the use of term
“natural” and another food, containing the ingredient with the same copamon or usual name, which has
been formulated ina dxffercm way may not be ehgzhia for ?:he use of the term “natural.”™

-If we may be of furthera Eanc@,]please ler m km}w

Siﬁcerely YOUIS.

o ia (}craldme A J unt:
SO Superwsm '

¢ - Product Evaluation and Labehng Team
- Food La'belmg and Standards Staff
~ Office of Mutrition, Labelmg :

7 énd Distary Supplcmcnn ,

. Center for Food Safety
. and Applied Nutrition,
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